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PREFACE. 



A GEEAT portion of the contents of this 

volume has been taken from the best authori- 
ties within reach of the writer, the chief of 
which are Salneuve, Lalobbe, and Simms. 

The writer has endeavored to present the 
subject in a simple form, that it may be 
readily comprehended by every one who is 
liable to be called upon to furnish a sketch 
of a portion of country. 
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CHAPTER I. 



• The ordinary maps, upon which are fonnd the posi- 
tions of the principal towns, the location of the great 
routes, the courses of the rivers and canals, and the 
general form of the country, are suflicient to enable 
one to follow the operations of a campaign ; but they 
are far from being in sufficient detail for the purposes 
of him who plans or studies the smaller operations of 
war. The most detailed maps are essential in these 
cases, because the merest trail, the most insignificant 
rivulet, the slightest undulation of the ground, may 
for a time become of the greatest importance, either 
for the oflfensive or for the defensive. The preparation 
of such maps belongs to military topography, and it is 
evident that it is a subject of the greatest interest to 
all the arms of the service. 

Topography, confined to these purposes, applies the 
most simple problems of geometry, rarely has recourse 
to rectilinear trigonometry, and never employs the 
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principles of spherical trigonometry. It may be de- 
fined as the art of obtaining a detailed representation 
of a portion of the earth's surface of moderate extent. 
This representation or map should exhibit the impor- 
tant lines and characteristic objects on the ground, 
snch as the wat^-courses, the great rentes, ordinary 
roads, and even the trails and footpaths, honses, en- 
closures, ditches, hedges, walls, etc. In addition, it 
should indicate the lay of the ground and its undula- 
tions, the steepness of its slopes, and the relative 
heights of the commanding points. 

From this it appears that the preparation of the 
map may be said to be composed of two parts : 

1. The projection, in proper relative position, on a 
plane surface, of the objects enumerated above. 

2. Levelling, by means of which we may repre- 
sent the formations of the ground, the character of 
the slopes, elevations, depressions, etc. 

Memoirs. — ^As it is impossible to exhibit by graphic 
representation all essential information in this connec- 
tion, we are compelled to accompany the map with a 
descriptive memoir, which, in general terms, presents 
data upon such points as follow : the kind of roads ; 
their state of repair ; the descriptions of bridges ; char- 
acter of the approaches to them ; the depth and rapid- 
ity of the current of water^courses ; the nature of the 
bottom, whether rocky, sandy, etc. ; statistical infor- 
mation as to the number of inhabitants, number of 
animals, supply of provisions, etc., etc. 
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When it ia required to prepare to accurate repre- 
Bentation of a portion of country, it is a problem of 
regulm* topography^ and is performed by the use of 
the most exact methods and instruments; while, 
where an approximation is sufficient for the purpose 
in question, it is a case in irregular surveying. 
This branch of the subject is the one most interesting 
and important to officers of infantry and cavalry, be- 
cause by it a fair and tolerably exact map of the 
ground may be rapidly made without the aid of in- 
struments, or by the use of such as are simple and 
portable, some of which indeed may be constructed 
by the officer himself. 

One who understands thoroughly the successive 
steps of regular surveying, and the instruments used 
in it, should find the application of his principles to 
irregular surveying easy. It then seems appropriate 
to study first the pure, exact processes, in order to be- 
come acquainted with the principles of the art ; and 
to learn what degree of approximation we are to ex- 
pect under a departure from accurate methods, to which 
we are often compelled to submit. 

For these reasons, we first proceed to investigate 
the subject of regular topography. 

The earth is an oblate spheroid, the radius of the 
equator being 6"974r.532fVVT yards. The polar ra- 
dius being 6"951.218tWt yards, is about 13.25 miles 
shorter than the equatorial. For our purposes we 
1* 
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Fig. 1. 



may regard the earth as a sphere, 
and although it is not develop* 
able on a plane surface, jet it 
may be shown that within the 
narrow limits of topography, 
no sensible error is committed 
by regarding the spherical zone 
as coincident with a plane tangent to the surface of 
the earth at the middle point In Fig. 1, A B 
represents an arc of a great circle of the earth, 1^ in 
extent, M N the trace of a plane tangent at the middle 
point, A B the trace of a plane through the extremi- 
ties of the arc and parallel to M N. The length of 
the arc is greater than the chord A B, and less than 
the tangent M N« Let us ascertain the difference 
between M N and A B : 



A D=6.974532 x sin. 30' 
Log. E 6.8436151 

Log. sin. 80' 7.9408419 

Log. A D 4.7843570 



M 0=6.974532 x tang. 30' 
Log. R 6.8435151 

Log. tang. 80' 7.9408584 

Log. M C 4.7843735 

M 0=60865.8 yds. 

A D= 60863.5 Difference=2.3 yds. 
MO-AD=2.8. 

Hence we see that the longest line that can be drawn 
on the surface of the earth within the limits of one de- 
gree, differs from its projection on the horizon of its 
middle point by a quantity less than 4.6 yards, which is 
quite insignificant in comparison with the length of the 
line, and may be neglected. Hence within the limits 
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of topography, which ordinarily ia not concerned with 
BO lai^e a portion of the earth's surface as is referred to 
in the calcolation jost made, we may regard the line 
and its projection as equal. Hence if we project all 
the points of the arc A B on the plane M N, by radii 
of the earth, it is evident that we shall have, if we 
conceive these projections to be united, a very exact 
representation of the surface to be surveyed, and the 
distances between the points will be horizontal. 

If, in order to represent on paper a portion of coun- 
try,* we commence at one point and proceed from de- 
tail to detail, fixing each as we attain it, we incur 
errors, which, continually accumulating, would bring 
about the most defective results. On this account, the 
subject of obtaining the horizontal projection of a 
country is subdivided into two parts, the first con- 
sisting in the selection and determination, with the 
greatest accuracy possible, of the most remarkable 
points, which are called principal or primary paints. 
The second consists in filling in the details. In this 
part we use the well-determined primary points, and 
from their positions ascertain and fix the projections 
of other distinguishing points and characteristic lines. 

The principal points having been selected, conceive 
each of them to be projected by vertical lines on a hori- 
zontal plane, and their projections to be joined by 
right lines. A polygonal figure results, and it is now 
a question as to the character of the method to be 
pursued in ascertaining the data necessary to enable 
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ns to coDBtruct a similar polygon on paper. Starting 

from an7})ointy as a, it is 
evident that ife can mea- 
sure oi, hk^ Hj etc., and the 
angles of the polygon. Then 
assuming on a sheet of pa- 
per a given direction for the 
lif. 1 first side, ah, and a position 

for a, let us take the representation .of the distance ab 
from the scale of equal parts, and lay it off from a ; 
we thus determine h on the sheet. Then lay off an 
angle at b equal to the measured angle a h k^ and 
draw a line in this direction ; on this line lay off a dis- 
tance from the scale proportional to h k; this gives £/ 
and so on for other points. This evidently can be 
done^but it is generally more laborious and less exact 
than another method ; still it may be applied to sur- 
veys of small extent. 

Generally, in extended surveys, it would be impos- 
sible to measure all the distances, owing to the diffi- 
culties of the ground, and, fortunately, it is not desira- 
ble* The most advantageous method is to apply the 
principles of trigonometry. 

If we conceive the principal points to be joined by 
right lines, we may subdivide the polygonal figure 
into triangles, in which, as we pass from one to another 
adjacent, we find a side in common. li^ then, we are 
able to measure the length of one of these lines, and 
the various angles of the triangles, we have sufficient 
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data to obtain the lengths of all the other lines by 
processes of trigonometry. 

But, since the object of the survey is to famish the 
horizontal projections of the different points, it is 
necessary to obtain *for the given side the horizontal, 
and not the actual distance measured on the ground ; 
and it is further necessary that the angles used in 
our calculation should be horizontal angles. Hence 
we see that neither the angles nor the side which we 
measure on the ground are correct elements for our 
subsequent calculation, unless in the very rare case, 
that within the limits of the survey the ground is a 
horizontal plane. Both then must be subjected to 
reductions to the horizon. It may be remarked, how- 
ever, that all instruments with a graduated horizontal 
limb for the measurement of angles give an angle re- 
duced already to the horizon, and, consequently, not 
liable to any correction on this account. Such are 
the theodolite and the compass. 




Fig.». 
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Let A B K L, Fig. 8, represent the irregular poly- 
gon formed on the plane of projection, by joining 
the feet of the vertical lines through the principal 
points, and let us suppose that we have measured di- 
rectly the side F K, which is called a base. Let the 
angles F, N, in the triangles F N D, F A N, F B N, 
F O N, be measured ; then in each one of these triangles 
we have one side and all the angles, and by known 
processes of trigonometry we may find F A, F B, etc., 
N A, N B, etc., and thus fix the points A, B, etc. 
Then, for instance, in the triangle F L B, knowing 
the side F B, and measuring the angles, we may find 
F L and B L, and so on till all the parts of all the tri- 
angles have been determined. 

This system admits of numerous verifications, thus: 
D is first determined from the triangle F N D, and 
again from the triangle F D G, and the same may be 
said of almost all the other points. 

It is easy, after having obtained these elements, to 
construct, on paper, a polygon similar to A B K L C, 
first taking from the scale according to which the 
map is to be constructed a distance to represent the 
base F N. This being laid down upon the paper, the 
positions of. the other points are readily found, and 
the projection of a point, situated at the vertex of two 
angles, may be regarded as exact. 

Base. — ^We are now able to assign the conditions to 
be fulfilled by a good base: 

1. It should be chosen on level or nearly level 
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ground, 80 that it can be easily measured. A straight 
piece of road would be favorable. 

2. From its extremities a number of the principal 
points should be visible, as this diminishes the number 
of stations necessary to be occupied for the measure- 
ment of angles. 

3. It should lie near the middle of the ground to be 
surveyed. If it were at one extremity, an error com- 
mitted in the measurement of an angle would run 
through and acciimulate in all the triangles ; but when 
the triangles are arranged about this line nearly sym- 
metrically, or rather equally, the error is more evenly 
distributed. 

It may be desirable in a large survey to measure 
two bases, one near each extremity. The calculated 
value of one, deduced by triangulation from the mea- 
sured value of the other, should very nearly coincide 
with its direct measure, thus affording an excellent 
test of accuracy. 

The base should be measured with care, and should 
be of sufficient length, that the triangles into which it 
enters, as a side, shall not be 
too acute. 

To pass from a base to 
another of double length. — 
Let us suppose that, from any 
circumstances, we have been 
compelled to adopt a base A 
B, which is too short: at B 
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erect the perpendicular B G ; at A lay off an angle of 

60^ and draw A G, which is equal to twice A B ; for 
producing AB to A', making B A'=B A, and join- 
ing A' and G, we have two equal triangles, A B G, 
A^ B G ; and the angles A and A^, being each 60^, 
the angle A G A' is also =60^, and the triangle A G 
A' is equilateral, and either side of it is equal to twice 
AB. 

The measured base is generally mach shorter than 
the sides of the largest or primary triangles, and often 
it is necessary to have one or two comparatively small 
triangles, by means of which we obtain a new base of 
sufficient length to enter as a side in the larger pri- 
mary triangles. 

The base generally cannot be chosen on level 
ground; and it may have a continuous or constant 
slope, or it may consist of parts having different incli- 
nations to the horizon. In the first case, the measured 
distance on the ground between its extremities and 
its slope must be taken ; in the second, the lengths of 
the different portions and their respective inclinations, 
which, by the following process, are reduced to the 
horizon. 

Reduction to the Horizon. — ^Let A D be a measured 

^ distance, and A W its 
M^ — -- " I projection on the hori- 

zon,then from the right- 
angled triangle, we have 
A D'=A D cos. a. — This formula is very simple; 
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but it is preferable to transform it, bo that it will give 
the difference between the measured line and its pro* 
jection, as cos. a=l-- 2 sin.' iawe have 

5=B (1-2 sin.'i a) and B-J=:2 B sin.*ia. 
When a base is measured, the length and inclina- 
tion of each one of its parts are taken, from which we 
derive a series of equations as follows, viz.: 

B-J=:2Bsin.Ha. 

B'-J'=2 B' sin.' i a', and by addition: 

(B+B' + B"etc.)-(ft+J'+&'' etc.)=2 (Bsin/^a 
+ B' 8in.«ia'+ etc.) 

Calculating separately the terms in the second mem- 
ber, and adding them together, we have the whole cor- 
rection to be subtracted, and if this correction is so 

small that it would not be appreciable on the scale 
of the map, it may be neglected and the measured 
base be taken as correct. 

The accompanying table furnishes the corrections 
in feet for a measured distance of 100 feet for all 
angles of inclination up to 20^, and saves computation 
by logarithms by the preceding formula. 

For a distance of 200 feet, inclination 5°, the reduc- 
tion would be 0.381 feet multiplied by two ; and for 
any other distance, multiply the ratio of this dis- 
tance to 100 feet by the correction taken from the 
table corresponding to the inclination. 

Primary Triangulation. — Owing to the defects 
in instruments, and personal errors of observation, 
we may expect every measurement of angles and 
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disUnces to be in error by a quantity greats or lesB. 
The number of errors increases with the number of 
measurements. It, then, is obviously an advantage 
to determine the primary points by the minimum 
number of triangles. As, for the same perimeter, the 
equilateral triangle has a maximum area, it follows 
that fewer equilateral than acute or obtuse triangles 
would be required to cover the area to be surveyed. 
Hence, in this point of view, the equilateral is the 
most advantageous form. 

But the form of the primary triangles is not a mat^ 
ter of indifference in another respect. Fig. 6. An 
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error committed in the measurement of the angle B 
induces a corresponding error in the side C 0', which 
is evidently more considerable as the angle is more 
acute; and for this reason it is an essential rule to 
choose the principal points, so that the primary tri- 
angles shall not contain a very acute or very obtuse 
angle. 

The side C C thus affected with error is an ele- 
ment, together with erroneous angles, for the deter- 
mination of another line, which in turn serves to 
determine another, and thus an accumulation of error 
may occur producing the most unsatisfactory results. 
Hence, if the triangles are very acute, there is not 
only a greater chance for error in each, but a greater 
number will be required. 

There is still another consideration on this point 
which is concerned with the length of the sides. These 
depend upon the extent of the survey, the scale upon 
which the map is to be executed, and the precision of 
the instruments used to measure the angles. .In a 
large survey, of course, the sides should be longer than 
in a small, as the principal points are farther apart. 

If the scale is small, an error would be inappreciable, 
which on a larger one would be very manifest, and 
the connection existing between the sides and the in- 
strument used for measuring angles may be stated as 
follows, Fig. 6: 

G C is the error E in the side A C, arising from an 
error b in the angle B. Call B C=K, E is evidently 
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a function of b and K. To determine the relation be- 
tween these quantities, draw C D perpendicular to 
B C produced. Then C D=K tang. 6, but C C be- 
ing oblique is longer than C D, hence £>K tang, by 

E 

or E is less than -• . If E is the least distance 

tang. 
which is appreciable on the map, according to the 

scale of construction, then evidently, E should always 

E 
be less than . . K, then, may increase as the 

tang, b 
scale diminishes, or decrease as the scale is larger, b 

remaining the same. 

It may happen that no discretion can be exercised, 

but that the nature of the operations demands a cer- 

E 
tain mean length for E. Then, since tang, b <:^j we 

may calculate the admissible amount of error in the 
measurement of angles, and from this the instrument 
to be used. 

Again : supposing the length of E to be obligatory 
and fixed, and the observer to have no choice of instru- 
ments, indeed to have but one, the error of which, b, 
is known, then we may assert that the sides of the tri- 
angles will be affected with error at least equal to E 
tang. b. Thus we know the d^ree of confidence to 
be placed in the result, or we may determine the scale 
which will make this error inappreciable on the map. 

If we regard yiir of an inch to be the smallest ap- 
preciable distance on the map, then, when the scale is 
three inches to one mile, this represents about 15 feet; 
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hence K < =■. If the scale is six inches to the 

tang. 

mile £ < =■, and if the measuring instrument 

2 tang. 6 

be a compass for which h is 15', we have 

K=7.5*' X cotang. 15' 

Log. 7.5=0.8750613 
Log. cot. 15' =2.3601799 

K=1719 feet =3.2352412 

Hence, under these circumstances, this is the maxi- 
mum limit for the sides; and in a similar manner 
might be determined the lengths of the sides for the 
pocket sextant, assuming its error to be 1', or for the 
theodolite, in which the error h is generally consider- 
ably smaller. 

The jprincvpal points having been determined by 
the primary triangulation, we are in possession of a 
number of bases, which serve, in accordance with the 
same principles, to fix other or secondary points, thus 
giving rise to another system of triangles, smaller and 
much more numerous than the first. Indeed, each 
primary side may be an element in many triangles, 
which, when calculated, make known the points at 
their respective vertices, which generally are impor- 
tant details, such as bends in a road or stream, the 
summits of slight elevations, etc., etc. These triangles 
are called secondary. 

It will be seen further on how the principal points 
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are plotted on the map, and it is sufficient now to re- 
mark that it ia not dqne by the same method that is 
pursued for secondary points. The latter are plotted 
bj interaeetionSj a much quicker method than the one 
just alluded to. For instance, Fig. 3. Having found 
by calculation the distances of the secondary point K 
from the primary points L and B, to plot K, take from 
the scale, by a pair of dividers, the number of feet in 
L K ; then, with this, a radius, fixing one leg in L, de- 
scribe an arcTof a circle. Take now B K from the 
scale, and from B as a centre describe another arc, in- 
tersecting the former. The common point is the pro- 
jection of K. Now this common point is evidently 
most accurately determined when the angle at K is a 
right angle, and, were it very acute, there would 
almost certainly be an error in determining the inter- 
section ; hence we may say, that the most advanta- 
geous form for secondary triangles is that right angled 
at the point whose projection is sought. 

These points are also plotted in another way, which 
perhaps is more often practised, because it saves the 
calculation of the triangles. As soon as the angles 
£ L B and K B L are measured, lay them off from the 
map from L and B, and draw L K and B K, the in- 
tersection of which gives K ; and, equally as before, 
it is more advantageous to have K a right angle. 
Acute intersections may still be of value, inasmuch as 
they may be verified by others, hence they should not 
be neglected. 
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Secondary points may be determined in other ways — 
by measurement, for instance. Haying found B, if 
by any instrument we measure the angle made by B K 
with any known line through B, as the meridian, or 
let us take B L, and at the same time pace off the 
distance of B K, then construct on the paper a line, 
making with B L an angle equal to the measured 
angle, and lay off on this line a distance equal to B E, 
according to Uie scale, the extremity of this distance 
is K in projection. This may answer when applied in 
this manner, that is, starting from a well-determined 
point, as 6 ; bat if we use K, thus determined as a 
station, for the fixing of another point, and this for 
another, and so on, indefinitely, each error is added 
to what previously existed, and accumulates with every 
successive operation. It is true that the errors might, 
and generally do, compensate more or less. It is some- 
times unavoidably necessary to apply this method ; 
but no means should be neglected for checking error 
and verifying points, by taking bearings of all well- 
determined stations whenever it is practicable. 

The meridian should be represented on the map. 
The angles, made by any side of a triangle with it, are 
called azimuths. The manner in which they are reck- 
oned from the meridian is arbitrary ; in astronomy, for 
the northern hemisphere, diey are measured on the 
horizon, from its south intersection with the meridian 
of the west, and the limit of value is 360**. They 
are sometimes distinguished in the same manner as 
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I, as N. 20^ W., 8. 80^ W., etc, in which case 
the limit of Tslae is 90^. 

The magnetic meridian should also be laid down. 
The angle of the trne with the magnetic meridian is 
the variation of the compass. 

The second division of the subject of military sur- 
veying has for its object the obtaining of the data 
necessary for the graphical representation of the re- 
lief of the ground, and the various forms which eleva- 
tions and depressions present in nature ; and, secondly, 
to give such a representation of these forms on a map, 
by conventional means, as shall convey an accurate 
impression of the ground. This must be done on the 
horizontal plane upon which the points determined 
by triangulation have been plotted, so that we are 
debarred from the construction of profiles or of per- 
spective views. If the latter modes of representation 
are used, it is for the purpose of presenting forcibly to 
the eye the forms and contours ; but they are no part 
of the subject of representation on a horizontal plane. 

The plan adopted is to conceive the ground to be in- 
tersected by equidistant horizontal planes, cutting from 
its surface curves. The horizontal projections of the 
curves are represented on the sheet, and the inclina- 
tion is inferred from their relative proximity, while 
the form is inferred from the shape and inflexions of 
the projections. It is evident, since the curves are 
horizontal, their projections on the horizon by vertical 
lines are curves, equal and similar in every respect. 
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Fig. T. 

As the inclination becomes greater or less, it will 
be manifested by the crowding or separation of the 
curves in projection ; and if the inclination is uniform, 
from the summit to the base, the projections will be 
equidistant along any common normal. This would 
be the case with a right conical or spherical surface. 

Fig. 7 represents a vertical and horizontal projec- 
tion of a hill, with the horizontal curves constructed. 
The numbers on the horizontal curves represent their 
elevations above some assumed plane of reference. 
The profile through^ gives a steeper inclination than 
through d^ since the curves are nearer than in the lat- 
ter case. 

If we pass these cutting places so near together that 
we may regard the shortest line drawn on the surface 
of the ground from one curve to its adjacent one as 
2 
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a right line, as is sensiblj the case in the vertical 
projection, Fig. 7, we are able to calcnlate the height of 
any point between the curves, above the common 
plane of reference, when we know the position of the 
carves, and the inclination of the slope. 

Let A B represent the line cnt out of 
the surface of the ground, l^etween the 
carves 55 and 60, by the vertical plane, 
the section made by which is repre- 
sented in Fig. 7, and let it be required 
to find the height of any point, as the 
one marked M, above the plane of reference. A C in 
figure is the horizontal projection of A 6, and N of the 
point M, and M K is the altitude of M above A. 
M N=A N tang. A; this added to 65 gives for the 
altitude of M, 56+N" A tang. A. A N may be mea- 
sured by a chain kept horizontal, and A obtained by 
methods to be described. '^ 

Then, if we can constract the projections of the 
carves, it is possible to find the altitude of any point 
of the ground. 
Let Fig. 9 represent a vertical section of an eleva- 
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tion, the plane of the base being the plane of reference, 
and it is required to find points of horizontal onrvea 
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20 feet apart. It will be seen hereafter how the alti* 
tades of the points be d^ where there is a change of 
inclination, are obtained. We now snppose them 
known, and that b is 27 feet and o 48 feet above the 
plane a A, a%d let it be required to find a point of the 
curve 40, It will be between b and c, and its projec^ 
tion will fall between V and c\ It is 13 feet above b 
and 8 feet below c; assuming a point for the required 
one, and drawing through it a vertical line k y, and 
through b the horizontal line b o, we have two similar 
triangles, b c o and b k y^ and we have o o:b o: : 

ky : bk: whence b ^= -=^-z ; and ac^ain, 

^ ' 21. ^ ' 

oc: ky:: bo: by; whence J' y'=J y=— ?^ ?= 

* 

— ^ — ?, from which equations we find both the verti- 
cal and horizontal projections of the required point. 

If we multiply the cutting ^ planes indefinitely, we 
may obtain as many points as we choose, the pro- 
jections of which, being joined, give the projection of 
curve (40) ; or, if it be desirable, the curve itself may 
be laid out on the ground, and other curves may be 
constructed in the same manner. 

This method, howefver, is tedious, and is only resorted 
to for maps drawn on a large scale for fortifications or 
civil constructions. 

In topography the scales are usually small and sur 
veys quickly made, and hence it is usual to determine, 
with ail the accuracy possible, the elevations of a 
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nnmber of points, particularly chosen in respect to 
their relations to the form of the ground. The incli- 
nations of slopes are also measnred from time to time. 
Connecting the points of the same elevation we have 
a horizontal section, and between two points of known 
elevation, we may interpolate the proper number of 
horizontal curves. Hence it is very important to be 
able to judge accurately <^ the least sensible undula- 
tions. 

In order to comprehend the slopes, the officer se- 
lects different high points from which he can observe 
them under different aspects; he marks with care the 
beginning, end, and- changes of the slope ; this enables 
him to recognize the parts where the inclination is 
uniform and those where it increases or diminishes. 
He also establishes, with the utmost care, the divides, 
and the lines of reunion of the waters. 

Standing on the toj) of the elevation, at a certain 
point, and looking down, the divide is the line of least 
slope, so that the rain separates along it, to flow to 
the right and to the left. Hence it is the longest nor- 
mal between two consecutive horizontal curves. An 
instrument for measuring slopes, placed on the ground 
• at the proper point, serves, when turned into different 
positions, to indicate it by its property of least incli- 
nation. Standing at the proper point, at the foot of 
the slope, and looking up, on the contrary, it is, of 
all lines of the ground passing through this point, the 
steepest. It may not lie, throughout its length, in the 
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same vertical plane ; then, by walking along it and tnea- 
earing it, and noting its change of direction, etc., we are 
able to lay it down on the map. Since it is the long- 
est of the normals between two liorizontal curves, it 
follows that the salient points of the cnrves are found 
upon it, which is also true of the lines of reunion of 
the water. 

The latter lines, however, are generally mnch more 
easily recognized, since they are often indicated by 
water-courses, or by ditches, as it were, where the 
water from the two slopes unites. These lines are lines 
of the greatest slope if we look down from the top ; 
looking up from the foot, on the contrary, they are the 
lines of least slope, of all through the same point. 

If the inclination is uniform the normals are of equal 
lengths, and there is no divide. This is the case in 
he right conical and splierieal surfaces, the horizontal 
sections being concentric circles. In Fig. 10, a b la 
:he projection of the lines of divide, or water-shed ; and 
in Fig. 11, A £ is the projection of the line of descent 
of the water. 

The properties of these lines prove their importance 
in giving the forms of the horizontal curves. 
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Having, by the level, determined the height of one 
of the principal points above an arbitrarily assumed 
plane, or, what is equivalent, having arbitrarily as- 
signed an elevation to the point, supposed to be visi- 
ble to a considerable distance on every side, let us sup- 
pose it to be occupied as a station, with a theodolite, 
or any of the less valuable instruments . to be men- 
tioned for measuring vertical angles, and the angles 
of elevation or depi*es8ion of tlie remaining principal 
points to be determined. Their distances apart, in 
projection already calculated, multiplied by the tan- 
gent of the angle of elevations, respectively cor- 
rected for the height of the instrument above the sta- 
tion, is the difference of elevations, which, applied to 
the elevation of the station, gives the elevations of 
the other points above the arbitrary plane of reference. 
If one or more of the points be below the occupied 
station, the product of the tangent of the angle of de- 
pression and the horizontal interval is the difference 
of level between the instrument and the points* Thus 
we determine the elevations of the primary points. 
The elevations of the important secondary points may 
be fixed in the same way, either from themselves as 
stations, or by occupying only the primary points. 
Both processes usually coexist, The important points 
are the summits, the origin and end of the slopes, the 
places where they change, prominent points of tlie 
divides, ravine, and water-courses; these, with fre- 
quent measure of the slopes when they are uniform and 
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when they change, afford snfficient data to eonstract 
the curves. 

These, when accurately projected, with the altitude of 
one, and the equidistance, enable one to ascertain the al- 
titude of any point, and constitute an exact represen- 
tation of relief. It is not the only method, however. 

As a subsidiary method, in order to give more effect 
to the representation, and to enable the eye to judge 
more quickly of the relief, the lines of greatest slope 
ure introduced.. These lines are normal to the curvesy 
and their projections are perpendicular to the pro- 
jection of the curves. This supposes the curves to be 
80 near t(^ether that the portion of the line of great- 
est slope between them is a right line. The next 
element of the line possesses the same property, with- 
out necessarily being a prolongation of the first, and 
so for each element ; so that the whole line, r^arded 
as continuous, is generally a curve of double curvature. 
It will be a plane curve, and its projection a right line, 
when the curves are parallel ; and this is true when 
the ground assumes the form of a solid of revolution^ 
fiuch as a right cone or hemisphere, which, however, 
is not the case in nature. 

Instead of making the projections of these lines, 
which are called hachures^ continuous, it is usual to 
terminate them on the horizontal curves, which then 
will be sufficiently designated, and need not be traced 
in ink, provided the haohureB below are not made in 
^prolongation of the first drawn. 
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The length of the hachurea depends upon the equi- 
distance of the cutting planes. 

The tint is graduated to represent different slopes, 
and supposes the ground to be illuminated from the 
zenith. If we conceive four vertical planes at right 
angles to each other, the parallel ones being one foot 
from each other, we have a parallelopipedon, the area 
of the cross section of which is one square foot ; the 
area of an oblique section is greater, and is equal to 
one square foot divided by the cosine of the inclina- 
tion of the cutting plane to the horizon. Then, for the 
same amount of light, it is evident that the smaller area 
will be more illuminated, for the light is distributed 
over a less surface. The depth of the tint thus would 
vary with the cosine of the inclination to the horizon, 
being white for horizontal surfaces. 

This rule is not always adhered to, and in some ser- 
vices arbitrary scales of tints for slopes have been 
adopted, and all that is necessary is that the scale 
should be understood. In all, however, the tint deep- 
ens in the same ratio with the steepness of the slope, 
and is effected by making the Jiaohures heavier and 
closer together. 

The following general directions are important : 

Commence with the feeble slopes, in order to increase 
the intensity of the tint more regularly. 

When the projections of the horizontal sections are 
parallel, the hachurea are right lines normal to both 
curves. When the curves are not parallel in projec- 
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tion, the hachures are carved, their extremities being 
respectively normal to the curves, at which they shoald 
accurately terminate. 

The hachures of one section should not be continu- 
ous with those of the one above, but should lie about 
in the previous intervals. This enables the horizontal 
curves to be recognized, even when not traced in ink. 
They should have uniform thickness throughout their 
length, except when they correspond to the top or 
bottom of a declivity, when they are thinned off, to 
assimilate the appearance to the actuiil case in na- 
ture, where the slopes begin and end in a gradual 
manner. 

When a slope suddenly becomes abrupt, the tint 
should be deepened by increasing the width of the 
hachure near the extremity, where the inclination is 
increased, or by interpolating short lines between the 
original hachures. 

An artificial embankment, like those on roads, is 
represented by hachures drawn in thje direction of the 
slope, and terminating in a point towards the base. 

Natural precipices are irregular, and are represented 
by heavy lines drawn in the direction of the slope, and 
arranged so as to represent their form. The French 
rule is to make the interval between two parallel 
hachures equal to one-fourth the length. 

The hachures are shorter for steep slopes, and are 
lengthened where the inclination to the horizon is 
less. 

2* 



34 KIUTiJftT BUBYSTINO. 



CHAPTER II. 

As it is impossible to embody in a map all desira- 
ble items of information, it becomes necessary to ac- 
company it with a written description or statement, 
usually called a ^^ Memoir," which often, in addition to 
facts, contains a discussion of the relative advantages 
of certain positions, 0( certain routes or directions, in 
reference to a proposed project. It will then contain 
details of topography and also of statistics. 

An acquaintance with the principles of the art of 
war, and experience in the field, generally indicate to 
the mind the points to be considered ; but as all do 
not possess these advantages, it may be of use to allude 
to the items which demand particular attention. Some 
of the most important are here mefitioned. 

liivera, — Tlieir number, position, depth, width, 
sources, mouth, bottom, whether of sand, pebbles, 
rocks, or mud ; whether tliere are quicksands or not 
Is the valley narrow or broad? Banks. — ^Whether 
high and difficult of access ; whether they afford mili- 
tary positions ; whether there are islands ; their posi- 
tions; the degree to which they facilitate crossiifg. 
Fords, — ^Where situated; character; their existence 
often indicated by rapidity of current, recollecting 
that the maximum depth practicable for cavalry is 
about five feet ; for infantry, three and a half feet to 
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two feet, depending on the cttrrent ; for wagons, about 
two and a half feet Does the river rise and fall rap- 
idly ? data as to degree. Is it navigable ? if so, for 
what kind of boats, and between what limits ? Are 
there any bridges t length, structare, width. Can 
they be easily destroyed or defended ? Points favor- 
able for forcing a passage ; the width, depth, and ve» 
locity at these points. Means of crossing ; number 
and dimensions of boats that can be collected for 
crossing at a given point. 

Canals. — ^Width, depth, points connected, means of 
destroying them, etc. 

Marshes and Ponds. — How are they formed? from 
springs, rivulets, or by overflow ? Are they ever prac- 
ticable? if so, when? Koads across them, width, de- 
scription, etc. Are they unhealthy ? Can the roads 
be easily repaired, destroyed, or defended ? 

Inundations. — How produced, and to what extent ; 
time necessary, means of preventing them ; between 
what points communication may be cut off; the 
detour they compel, etc. 

Woods^ Forests. — ^Position, shape, extent in all di- 
rections ; character, whether open or tangled ; prac- 
ticable for horsemen, wagons, or infantry^ large or 
small trees; species of trees; roads through them; 
character and position ; character of the ground ; are 
there any ridges, ravines, streams ?whjitdirection have 
they, and how long ? can it be defended easily ? the 
points where the roads and streams debouch. 
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Reaihy Hedges. — ^Kind, height, thickness, good de- 
fence, or not. High heath generally practicable, 
where it is low is often marsh j. 

Moods. — Of every description, from the broad mac- 
adamized highway, to the merest trail to be noted ; 
direction, width in feet ; whether variable or constant ; 
whether bordered with trees, hedges, or ditches ; grade 
favorable for wagons with heavy loads or not; state 
of repair, facilities of repair ; whether always practica- 
ble, and when; whether commanded within cannon 
range ; whether other roads can be opened easily ; 
means of obstructing them ; number of hours' march 
between positions for camps ; sandy or hard ; road 
covering, positions for defence ; deliles, their length, 
width, nature of ground at their debouches. 

Fortifications^perrnanent or temporary, — Their char- 
acter, objects, defensive relations between them, etc. 

Fortified Cities. — Population ; temper of inhabit- 
ants ; supply of provisions ; means of obtaining them ; 
whether suitable points for depdts, workshops, and hos- 
pitals, ornot ; particular description of fortifications, etc. 

ViUdges. — ^Kind of houses, wood, brick, or stone, 
in contact or separated ; gardens with hedges, or not ; 
means of attack and capacity for defence ; walls, etc. 

Military Positions are to be considered under the 
following points of view : the actual extent, variety, 
and contour of the ground ; the facility of communi- 
cation between different parts ; adaptation to the prin- 
cipal arms of service; command over surrounding 
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ground ; its approaches and debouches ; whether diffi- 
cult for the enemy, with accurate descriptions of the 
natural or artificial obstacles to his advance. The 
facilities for retreat ; whether the roads are commanded 
or not by surrounding groui^; if so, at what dis- 
tance ; the character of the flaoks. 

Statistics. — Kind and fertility of soil, productions ; 
how much wheat and corn to the acre ; amount of 
forage ; horses, number and quality ; beeves, calves, 
sheep, pigs ; grist and saw mills, and their capacity ; 
manufactures. Wagons, boats, mules, healthiness of 
climate, supply of water. Number and capacity 
of houses in villages ; number and temper of In- 
habitants. 

The memoir should be clear and concise in style, 
* and legibly written, leaving a margin on each sheet 
for remarks of the chief of staff, or commanding 
general. It should commence with the order under 
which the reconnoissance was made, and should briefly 
state all the steps pursued, in the order of their occur- 
rence. ' *^ 

Particular care should be taken in the orthography 
of proper names, and, to insure accuracy, it is well to 
obtain them of educated inhabitants of the country. 

Nothing should be reported as true, unless it has 
come within the knowledge of the officer ; but it does 
not follow that information obtained from people of 
the country, or other sources, is to be neglected ; on 
the contrary, when not manifestly untrue, it should be 
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reported with the attendant eircnnietftnces, to show 
what degree of credence is to be given to it. 

When the reconnoissance has been ordered in refer- 
ence to a projected operation, the officer, after a de* 
tailed description of soph points as bear upon its suc- 
cess, proceeds to a discussion of the means to bo em- 
ployed, the advantages to be reaped, and the dangers 
to which it is exposed bj virtue of the probable move- 
ments of the enemy, etc., which it is apparent opens 
up a vast field of hypotheses, which, however, a me- 
thodical mind, familiar with the details of war, and 
the habits of the enemy, will speedily reduce to a 
v4ty few. 

A proper treatment of this portion of the subject 
requires study ; and as the operation may be an attack 
or defence of a village, a position for offensive ma- 
noeuvres with the whole army, or for a defensive battle, 
the passage of a river, the assault of an intrenched 
camp, .posting of advanced guards, either an operation 
of petite guerre^ or of the most vital importance, it 
is evident thnt mental abilities of a high order and 
acquaintance with all the branqhes of the art of w^r 
may be necessary for its perfect elucidation. 

MoufUaina a/nd UiUa. — Do they form a chain ? its 
direction ; or are they isolated ? Nature of the slopes ; 
are they gentle or abrupt, open or covered, cultivated 
or not, rocky or smooth? Are they practicable for 
either arm of the service? if so, for which ones, and 
at what points ? 
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A slope of 7 upon 4 (7 altitude, 4 base) is abont 60^, 
and is impracticable for infantry ; one of 1 upon 1 is 
difficult for infantry. One of 4 upon 7 (about 30®) is 
impracticable for cavalry. One upon 12 (or about 5®) 
is easy for wagons. 

It is necessary also to give the time necessary 
to ascend them. Is the summit a plateau or not i 
Describe the ravines; are there any springs? what 
tacilitics for obtaining water ? 

Tlie projection which we make of the ground on 
the map is a figure smaller than, but similar to, that ob- 
tained by projecting the points on a plane tangent to 
the sphere, which we have assumed the earth to be, by 
means of radii of the earth. 

If we call any distance on the map unity, the frac- 
tion which we obtain by dividing this length by the 
distance between the projections of the same points on 
the tangent plane, is called the scale of the map. If 
the projected distance between two points be 5,000 
times greater than its representative on the map, the 
scale is said to be t^^tt? ^^^ the area of the map is j^Vt- 
part of that which it represents. 

The decimal nomenclature for scales is usually but 
not universally adopted. They are sometimes de- 
scribed as one, two, or more inches to the mile. One 
mile containing 63,360 inches, a scale of one inch to 
the mile would be in the decimal system ^y^^ 

The term scale has been extended in its sig- 
nification to denote the geometric figures which 
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make known the distances on the ground by 
means of their representatives on the map, or 
reciprocally. When the map is completed, a 
scale of the form in Fig. 12 is often placed upon 
it, which enables one to take off distances with 
tolerable accuracy ; but, for the construction of 
the map, a better form, called the diagonal, is 
represented in Fig. 13. To construct it, let a h 
represent the unit of the scale, which may be 
one inch, half inch, or any other length. On 
a h describe a square ; divide a h and d c each 
into ten equal parts ; draw af and the other 
nine parallels ; produce i a, and lay off the unit 
of the scale as many times as may be neces- 
sary. Divide a d into ten equal parts, and 
draw the parallels to ah straight through the 
points of division. 

The triangle a df^ the base af^ is one-tenth 
of the unit of the scale, and there are nine other 
similar triangles, the bases of which are nine- 
tenths, eight-tenths, etc., of the distance df. 
The base of the smallest triangle is one-tenth 
Fig. la. of df^ or t^t of the unit of the scale. 

Then, to take off in dividers the unit of the scale 
and any number of tenths, place one foot at 1, and 
extend the other to the point between a and J, marked 
by the figure designating the tenths. To take off the 
unit of the scale increased by any number of tenths 
and hundredths, place one foot of the dividers on the 
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Fig. IS. 



perpendicnlar through I, where it intersects the paral- 
lel which denotes the hundredths ; then extend the 
dividers to that line between a d and h e which desig- 
nates the tenths. Thusj) q represents 2.58. 

The nnit of the scale may be the representative of 
a mile, or ten miles, or anj arbitrary distance. If, 
for instance, it were 1000 teet, then each of the ec[ual 
parte, a 1 2, represents 100 feet, and the distance be- 
tween a d and af, measured on the first parallel, is 10 
feet, on the next 20 feet, and so on, so that '2 e wonld 
represent 23iO feet. 

The scale employed depends upon the character of 
the map, and hence varies greatly. 

A scale of ^jVti or one inth to 200 feet, permits the 
representation of small details. For a small extent of 
country, a scale of about six inches to a mile ia some- 
times used. For greater extents of country, three 
inches to a mile, or itIsti which is a large scale. 

For laying off angles we use a protractor, which is 
either semicircular or rectangnlar. "When semicircu- 
lar, the circumference is divided into 360 equal partsj 
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and numbered each way from the extremity of the 
diameter, from zero to 180®, and from 180° to zero, 
each equal part representing a half degree. To lay 
off from a point a line, making with a given line any 
angle, place the centre of the protractor over the 
point, 80 that the diameter coincides with the given 
line, and with a fine-pointed pencil mark the point on 
the circumference numbered with the figure designa- 
ting the number of d^rees ; join this point with the 
given point for the line required. The use of the rec- 
tangular protractor is similar. 

Angles may be laid off by a scale of chords, which 
is constructed as follows. Let D be a quarter of a 

circumference. Fig. 14. 
Conceive it divided into 
90®equal parts, and each 
of them joined with C. 
These lines are the chords 
for every degree from 
to 90*. Take oft* these 
lengths, and embody 
them in a scale : this is a scale of chords. It is usually 

found in a case of drawing 
instruments. The chord of 
60° is always the radius 
of the circumference from 
which they were taken. 
Fig. 10. To lay off an angle from 

any point, let A B be the given line, and A the 




Fig. 14 




r 
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point. Take from the scale the chord of 60^, and, 
with A as a centre and this as a radius, draw the arc 
B O. Then take from the scale the chord of the given 
angle, and, with this as a radias and B as a centre, 
de6cril)e an arc intersecting B C in C ; join A and C, 
then B A C is the given angle. 

For drawing right lines a straight^ge ruler is re- 




I I 

Fif . le. 

qnii*ed. A right-angled triangle, one side being con- 
siderably longer than the other, is very useful in con- 
nection with the ruler. Placing its hypothenuse along 
the edge of the ruler, and sliding the triangle along 
the ruler, each side remains parallel to itself in ail its 
positions ; so we may draw parallel lines. The other 
side, in all its positions, being perpendicular to the 
first, we can draw a perpendicular to a given line 
through a given point. 

A pair of dividers, rule and triangle, and protractor 
are sufficient for field purposes. It is, of course, con- 
venient to have other instruments in all cases. 

To copy a map on the same scale, divide it up into 
squares, by pencil lines lightly drawn. On the sheet 
to be filled, construct the same number of squares of 
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the same dimension, and make each a copj of the 
corresponding one on the map. This may be done 
either by the eye, or by constructing the co-ordinates 
of as many points as may be necessary. The direc- 
tion of a right line is known when two of its points 
are determined, which may be done by noting where 
the line or its prolongation crosses the sides of any of 
the squares. Where there are many details to be put 
in, it may be necessary to multiply the number of 
squares, or to divide them into triangles by drawing 
the diagonals. 

A piece of tracing paper or muslin, stretched over a 
map, permits the lines to be seen through it, and they 
may be traced by a pen. 

If the copy is enlarged or contracted, the sides of 
the new squares bear to those on the map the ratio of 

the two scales. A 
^^"""^ — * scale of reduction 

is formed, Fig. 17, 
by drawing two 
^ ,. lines oblique to * 

Fig. IT. ^ 

each other, of 

A B 

such lens^ths that — -- is equal to the ratio of the two 

^ BO ^ 

scales. Join A and C, and draw the other lines of the 
figure parallel to B 0, then it is evident that J c is the 
reduction of the line A J. There are instruments 
suitable for a transfer of a drawing on a different scale, 
which it is scarcely necessary to describe. 
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CHAPTER ni. 

MEASUSEMENT OF ANGLES. 

Fob this purpose the best instrutnent is the theodo- 
lite. It can be firmly mounted, admits of thorough 
adjustment, and gives angles generally to within a few 

• seconds. Ordinarily, however, circumstances compel 
the use of instruments of less precision, among which 
are the sextant, plane table, and Schmalcalder or pris- 
matic compass. The latter, indeed, is one of the most 
useful of all devices, as with it alone it is practicable 
to make all the observations necessary to construct the 
horizontal projections of any number of points. It is 
well, however, to understand what degree of accuracy 
we are to expect from a compass. 

The angle between a vertical plane through the 
axis of the needle, and the meridian, is the declination 
or variation of the compass. The mean daily valine 
of the declination may be regarded as a constant 
quantity during the operations of a campaign, and is 

* west for all points in the United States eas^ of the 
line oino declination^ which, in 1850, passed through 
Lake Erie, and followed a south-easterly course, enter-^ 
ing the Atlantic Ocean near Wilmington, N. 0. It 
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has a slow motion to the west. The dedination^ at 
points west of this line, is east, and in general terms 
maj be said to increase as we recede from this line. 
Hence, the mean daily variations, determined at in- 
tervals of several years, will be found to present gene- 
rally a decided diflTerence. 

The fluctuations in the declination at the same 
place, during 24 hours, deserve* notice, as they are 
sufficient to produce considerable errors, attaining 
a value as great as 20^ These fluctuations vary with 
the seasons, and are said to be greater in the sum- 
mer than in the winter, and to vary chiefly in the day- 
time, the declination being nearly constant during the 
night. 

Again : the compass bearing, particularly in the 
small prismatic compass, cannot be read with cer- 
tainty nearer than 15'; and when, as it may well be, 
the errors of declination and reading both have the 
same 9ign, the total error may be as much as half a 
degree, and even more. This, however, does not ren- 
der the instrument valueless, although it would pre 
vent its use in fixing the principal points of an accu- 
rate survey. The needle is mounted so as to remain 
horizontal, when not disturbed, upon a fine-pointed 
pivot, working in a smooth, hard socket, of quarts 
generally, to reduce to a minimum all impediments to 
its free oscillations. 

To magnetize a needle, it is placed, its longest di- 
mension north and south, and two magnets are placed 
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on the needle near its middle goint, the south pole of 
one on the side of the north pole of tl^e needle, the 
north pole of the other towards the other end ; then 
pressing firmly in, and giving the magnets equal in- 
clinations to the needle, they are drawn each to the 
end of the needle to which it corresponds. When 
they reach the ends they are disconnected from the 
needle and replaced in the first positions, and the pro- 
cess is repeated as often as may be necessary. 

To judge of the degree of magnetizing, and to as- 
certain whether the maximum has been reached, the 
needle is made to raise different weights, not forget- 
ting to reapply the magnet afterwards, since every 
effort of this kind exhausts some portion of the mag- 
netic virtue. 

The prismatic or Schmalcalder compass may be held 
in the hand ; but it is both more convenient and more 
accurate to have it mounted on a tripod^ or a single 
staff, particularly when it is desirable to take a #hm- 
ber of observations at the same station. With the 
staff they can be taken and recorded by the same per- 
son, without loss of time, without a new adjustment, 
which would be necessary for each observation, as the 
oflicer would be obliged to lay it down in order to re- 
cord the bearing just taken. 

The Fig. 18 represents the prismatic compass. A is 
the box and B the card to which the needle is at- 
tached,*and a the pivot which supports both needle and 
card. E is a sight- vane, having a thread to direct the 
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line of eight ; and F is a reflector, to enable obaerva- 
tioDB to be made npoQ bodies above the horizon. E 
and F tarn about binges, bo that thej can be folded 
upon the plate ; and at D is seen a hinge about -which 
the lena turns. The card is differently graduated in 
diffelTDt instruments, Bometimes from zero to 36U°, in 
others to 180° and back to zero ; and again in others 
there are four quadrants, each from zero to 90°, The 
curved face of the prismatic lens is turned towards 
the figures just below it on the card. The tight com- 
ing from them is first refracted at the carved face, then 
received upon the inclined plane face, and reflected 
to the eje horizontally. The eye then being applied 
at 0, when the needle comes to rest, looking horizon- 
tally, sees the hair £, and apparently coincident with 
it a division on the scale. 



MILITABY SUBYEYma. 49 

At G are colored glasses, which turn about a joint, 
and which are used when a bearing of the sun is ta- 
ken. At e is a spring, which, being pressed by the 
finger at the time of observation, and then released, 
checks the vibrations of the needle. On the other side 
of the box is a lever, by which the needle is thrown 
off the pivot, and this should always be done when the 
instrument is not in use, for the constant playing of the 
needle wears the point upon which it is balanced. 
The value of the instrument depends greatly upon the 
fineness of the point of support. 

The graduation is in some to half degrees, and oth- 
ers to 15', depending upon the length of the needle, 
or the diameter of the card. They are made of dif- 
ferent sizes, from two and three inches to six in diam- 
eter. The instrument has a brass cover. For use, it is 
usually carried in a leather case, made to fit it, swung 
over the shoulder by straps, or without straps it is 
carried in the pocket or satchel. 

To use the instrument, adjust the prism by moving 
it up or down by its slide, so that the divisions and 
figures on the card are seen distinctly ; apply the. eye 
to the aperture in rear of the prism, and bisect with 
the thread the object -whose bearing is to be taken ; 
press the spring e^ to check the vibrations of the card, 
and read the degrees and parts corresponding to the 
division on the scale which coincides with the thread. 
By moving the eye up and down, one is able to see 
the thread and division at the same time. 
3 
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This is a very valuable instrument for military pur- 
poses. It gives magnetic bearings to within a quar- 
ter to a half degree, depending upon the diameter of 
the card. It is portable, requires no adjustment, and 
is sufficient to enable us to determine any number of 
points. The angles measured by it are in the plane 
of the horizon. The card should be horizontal, or 
nearly so ; if too mucTi inclined it does not move 
freely. 

A vernier is an auxiliary graduation, which enables 
us to estimate fractional portions of the smallest divi- 
sions of the limb. It applies equally to linear and 
angular measurements, and when explained in one 
case, it will readily be understood in the other. 

For sake of illustration we will take the case of the 
sextant ; but first we will give a general explanation. 
Let us take two equal arcs, one on the arc of the index 
arm, and one on the limb, supposing the former to be 
subdivided into n equal parts, each of which is equal 
to dj the latter to contain {n — 1) subdivisions equal 
to D. Hence we will have (n— 1) D=7i {Z, from which 
results : 

n 

m (D-'d)=m — 

n 

The ^aduations of the two arcs being in the same di- 
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rection, if the zero of the remier is foand between two 
graduations of the limb, the distance which separates 

it from the first of the graduations will be — if the 

n 

first division of the vernier coincides with a division 

on the limb, 2 — if the second division of the vernier 

n 

coincides with a division on the limb, m — if the 

n 

mth division of the vernier coincides with a division 

on the scala Hence, in reading an angle we look 

along the vernier, to see the number of the division 

which coincides with a division on the limb, and mul* 

tiply this number by — , and add the product to the 

n 

number of degrees and parts of a degree correspond- 
ing to the division on the limb which the zero of the 
vernier has just passed. 

It may happen that no division of the vernier coin- 
cides with a division on the limb, but that one of the 
equal parts of the latter contains two divisions of the 
former. If we suppose the middle of the space on 
the limb to coincide with the middle of the space on 

the vernier, the error will be , since ~ 



2n '2 2n 

Hence we may say that while the vernier reads to 

-, the approximation is to 



n 2 n 

In the pocket sextant, D is the smallest space on the 
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limb, SO'. An angular space of 14** 30' on the ver- 
nier is divided into thirty equal parts. Hence n being 

equal to 30, — is equal to 1\ So if the zero of the 

vernier should fall between the two divisions which cor- 
respond to 87® and 87® 30', we look along the vernier 
and find the 17th division, coincident with a division 
on the scale, the angle measured will be 87® 17'. 

On the arc of excess of the sextant, when the zero 
falls between two divisions, since the graduations are 
in different directions on the two arcs, the reading is 
taken as follows: Kead the degrees and parts of de- 
gree corresponding to the last division passed by the 
zero ; run the eye back on the vernier till coincidence 
is discovered, as before supposed, at division 20 of ver- 
nier, then D— 20'=10' is to be added to reading on 
limb. Generally, then, look back on the limb till co- 
incidence is found ; estimate the minutes and seconds 
corresponding and subtract them from D ; add the re- 
mainder to reading on limb. 

It is needless to say that, if the zero of the vernier 
coincides with any division on the limbs, the angle 
will be given by the number of degrees and parts of 
degree corresponding to this division. 

E D, fig. 19, rep- 
resents the vernier 
above described; the 
smallest division on 
Fig. 19. the scale is 30', and 
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thirty divisions of the vernier cover twenty-nine on 
the limb. The least count of the vernier is always 
equal to the least graduation on the limb divided by 
the number of parts on the vernier, in this case 30' 
divided by 80, or one minute. The reading on the 
limb is evidently 10^. 

Tbeodolite. 

This instrument is most valuable, since it measures 
horizontal and vertical angles with great accuracy, 
and is suitable also for making astronomical observa- 
tions for latitude and time of day. 

At A and B are seen two circular plates constitu- 
ting the horizontal limb, the upper one carrying the 
verniers, the lower having a larger diameter than 
the upper, and a chamfered silvered edge to receive 
the graduations, the number of which depends on the 
circumference of the limb. Where it is five inches in 
diameter the graduations are usually to half degrees, 
the vernier giving readings to one minute. A micro- 
scope, E, serves to read the verniers, of which there 
are two, at bpposite extremities of a diameter, one of 
which is at a. 

The axis is of conical shape, and is composed of 
two concentric surfaces nicely fitted to each other and 
working easily. The external one supports the plate 
B, and the inner is attached to A, which bears the 
superstructure. The external part of the axis fits into 
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a ball, J), and the parts are held together bj a screw 
at the lower end of the iaternal axis. 

The parallel plates F and G are held together by a 
ball and socket at B, and are made parallel by four 
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milled-headed screwa, three of which are shown at ft 
in the figure. These turn in hollow cylinders inserted 
in the plate G, and their heads press against the plate 
F. Beneath there is a female screw, adapted to a 
staff head, which is connected by brass joints to the 
tripod. The legs of the latter, when they are brought 
together, make a conical figure, and when extended 
constitute a firm support. 

The limb B can be fixed in any position by the 
clamp screw H, which closes the ring C upon the 
axis. The tangent screw I permits a slight motion of 
the plate B when H is clamped. 

A similar pair of screws, clamp, and tangent p«r&m 
the same office for the vernier plates. These are not 
shown in the figure. 

On the vernier plate are two spirit-levels, at right 
angles to each other, to level the limb B. At J is a 
compass. 

The frames K and L support the cylindrical pivots 
of the axis of the vertical arc. This arc is graduated, 
and has a vernier e, which serves to read to one min- 
ute, and the microscope K" enables one to read the 
vernier in any of its positions. 

O is the clamp screw and P the tangent screw for 
the vertical arc. The level under the telescope is at- 
tached to the tube at one end by a joint, and at the 
other by a capstan-headed screw ft, which, being turned, 
moves the end oft he level up or down ; and at ^ is a 
screw which moves the other end of the level horizon- 
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tally, so as to put its axis in the vertical plane, 
through the line of coUimation of the telescope. 

The telescope rests in cylindrical rings which are 
supported by the T's A A ; it is held in its place by 
the clips i i, which are opened by removing the pins^. 

At m there is a reticle of two spiders' lines at right 
angles to each other. The adjusting screws for the 
wires are four in number and work by pairs. One 
should always be loosened before the opposite one is 
tightened. 

The telescope is of the ordinary achromatic form. 
The tube of the object-glass is moved to and fro by the 
screw-head Q. The tube containing the eye-glass may 
be extended or pushed in, in order to adjust to distinct 
vision. By a motion of the object-glass the image is 
thrown on the plane of the reticle. The eye-glass 
should be placed to show the cross-hairs and the image 
distinctly. The image is in the plane of the wires 
when a motion of the eye in any direction fails to 
separate the wires and image. 

The first adjustment is to make the line of coUi- 
mation coincide with the axis of the rings in which 
the telescope rests. To make it, direct the intersection 
of the cross-hairs to a distant well-defined object, 
causing the horizontal wire to cover a well-mark- 
ed point of the object. Turning the telescope half 
round about its axis, so as to bring the level on top, if 
the point remains on the wire the adjustment is com- 
plete ; if it does not, move the wire over one-half the 
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deviation by the screws at m,^ releasing one before 
tightening the other, and correct tlie other half by 
elevating or depressing the telescope. Renew the 
operation, to see whether half the deviation has been 
correctly estimated; if not, another approximation 
must be made. A similar coarse of procedure ad- 
justs the vertical wire, and the observed point will 
be found to remain in apparent coincidence with the 
intersection of the cross-hairs during a rotation of the 
telescope. 

The second adjustment has for its object to 
make the axis of the level parallel to the line of 
coUimation. Open the clips i i, clamp the vertical 
limb, and bring the bubble to the middle of the tube 
by turning the screw P. Take the telescope off its 
supports and reverse it, end for end, with care. If in 
this new position the bubble is in the middle of the 
tube the adjustment is correct; but if it retires to 
either end, bring it to the middle, half by the screw/*, 
which gives a vertical motion to one end of the level, 
and half by the tangent screw P. This is repeated 
till the adjustment is thorough. Revolve the telescope 
in the Y's ; if the bubble does not remain in the mid- 
dle, turn the screw g until it is brought back. Re- 
examine the first part of the adjustment. The screw 
^ gives a lateral motion to the level. 

The third adjustment requires the axes of the levels- 
on the limb to be perpendicular to the axis of the in- 
strument. Por this purpose clamp the screw H, and 
3* 
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tnm the vernier plate till the telescope is over two of 
the parallel levelling screws. By«tuming the latter 
in appropriate directions, bring the babble under the 
telescope to the middle of its tube. Turn the vernier 
plate 180°; if the bubble remain in the middle, one 
line of the horizontal limb is horizontal ; if not, bring 
the bubble back, half by the levelling screws and 
half by the screw P, and repeat this till the bubble 
remains in the middle in either of the positions. Turn 
the vernier plate 90°, to bring it over the other two 
parallel plate screws, and go through the same process 
for these. If these operations have been correctly 
performed, the bubble will remain in the middle while 
the vernier plate revolves. The axis of the limbs is 
now vertical. By means of the adjusting screws of 
the levels and the vernier plates, bring their bubbles 
to the middle of their respective tubes. 

These adjustments being performed, the vertical 
limb should read zero, but it generally does not. The 
vernier may be adjusted, but it is better to proceed 
as follows, viz. : To obtain the elevation or depression 
of a point, direct the intersection of the cross-hairs 
upon it, and read the vernier on the vertical limb and 
record. Eeverse the telescope end for end, and turn the 
vernier plate 180°, and remeasure the vertical angle 
and record. The half sum of these readings is the an- 
gle, unaffected by a faulty position of the vernier. 

The horizontal limb is provided with two verniers 
at opposite extremities of a diameter^ and the gradua- 
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tions run from zero to 360*^. On the vertical limb, 
the graduations proceed from zero to 45**, in either 
direction. The angle read from the vertical limb is 
then either the altitude or depression of the object 
observed. The complement of the altitude, in the first 
case, and 90°— the depression, in the second case, gives 
the zenith distance of the object. 

To measure a horizontal angle with the theodolite, 
place the axis directly over the centre of the station, 
by means of the plumb-line suspended from the axis. 
Bring the telescope over each pair of levelling screws 
alternately, and by turning the individuals of each 
pair in opposite directions, make the limb horizontal, 
which will be the case when the small levels retain 
the bubbles in the middle, as the instrument turns. 
Clamp the horizontal limb and direct the telescope 
to one of the objects. Clamp the vernier plate, and 
by its tangent screw cause the object to appear on 
the intersection of the cross-hairs ; read the verniers 
on the horizontal limb and take their mean. Un- 
clamp the vernier plate and turn the telescope as be- 
fore to the second object, and take the mean of the 
two vernier readings. The difference between the 
two means is the angle required. 

The fact that the lower plate is movable enables us 
to repeat the measurement on a different part of the 
limb. To repeat the angle just measured, unclamp 
the lower plate, the upper being clamped to the latter. 
Turn the instrument till the telescope is again di- 
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rected to the first object ; clamp the lower plate, and 
complete the pointing of the telescope by the tangent 
screw I. Unclamp the npper plate and turn it till 
the telescope is directed to the second object ; clamp, 
apply the tangent screw, and read the verniers as be- 
fore. The difference between this and the last mean 
is another valne for the angle between the objects. 
It is well to repeat the angle four or five times, and 
take the value obtained by dividing the difference be- 
tween the first and last readings by the number of 
repetitions, for the angle. 

Sextant. 

The optical principle involved in the sextant is, that 
a ray of light reflected once by each of two plane re- 
flectors, in a plane normal to their intersection, is devi- 
ated from its original direction, by an angular amount 
equal to twice the angle of the reflectors. To prove 
this, let A C and C B represent sections of the reflec- 
tors by a plane perpendicular to their intersection, 
and E M an incident ray reflected at M and K, mak- 
ing, in each case, the angles of incidence and reflec- 
tion equal. Then N O is its direction after two 
reflections, and the angle B K is the deviation, 
which is equal to twice A B, Draw normals to 
the reflectors at the points of incidence and denote by 
<p and 0' <P'\ the angles of incidence marked in the fig- 
ure. The angles D and D' are evidently equal to A 
B. But ^ being an exterior angle of the triangle, 
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Fig. 21. 

D M N is equal to 0'+i, and from the triangle M' N 

D% 0' being an exterior angle, we have 

<l>'=zil>'*+iy and from the first <l>^=il>'^i, 

Sabtracting these equations, member by member, we 

have 

0-0''=2i. (1) 

But from the triangle M N O we have 2 ^=2 ^'+0, 

or substituting for 0^ its value, 

2<t>=2<t>''+2i+0. 

But from equation (1) 2 ^=2 <A''+4 i. 

Hence O =2 i. 

If the reflector B C be transparent at N, the eye at 

O will see B and B/ apparently coinciding, since 

the light from both objects enters the eye from the 
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same direction, the first after two reflectionB, the 
second directly, and the angle at the eye between E 
and K' is O, which has just been proved equal to 2 i. 
Hence, if we can provide any means of measuring the 
angle of the redcctors, when the objects are seen in 
coincidence, double it, and we have the angle be- 
tween the objects. 

A double-framed sextant is shown in the figure. F 



Fi&sa. 
ie one of the reflectors, G is the other, which, however, 
is only half silvered on the back, the half farthest from 
the plane of the Umb being transparent. F is called 
the index glass, and rests on a circular plato, which is 
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movable by the index arm I E, which turns about the 
centre of the arc B C. The index glass obviously varies 
its inclination to the horizon glass G, as the index arm 
is made to take dijfferent positions. K and N are col- 
ored plane glasses to qualify the light from the sun. 
L is a telescope, and H a microscope to read the ver 
nier E. At A the double frame is shown connected 
by braces, making the instrument firm. O is the 
handle. B C is graduated into angular divisions, and 
each half degree is marked as a whole degree, so that 
if the arc B E be considered as 55®, the graduation 
would read 110®. This spares the necessity of doub- 
ling the angles made by the reflectors. 

The telescope is supported in a ring attached to a 
stem, e^ called the up and down piece, which can be 
raised or lowered by turning the screw M. The object 
of this is to place the telescope so that it will receive 
equal portions of light through the transparent and 
from the silvered part of the horizon glass, thus mak- 
ing the two images appear equally bright. The planes 
of the index and horizon glasses are set perpendicularly 
to the plane of the limb, but are susceptible of slight 
changes of position by means of small adjusting screws, 
one of which is seen at i. In some instruments no 
provision is made for changing the position of the 
index glass. It is set by the maker at right angles 
to the limb. 

The zero of the graduation should be at the point 
of intersection of the plane of the index glass with the 
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limb, when the former is parallel to the horizon glass. 
The graduation extending to a few divieioDB to the 
right of the zero, is called the " arc of excess." If the 
zero is not at the proper point, there is an index error. 
The index arm carries a vernier. The sextant is gen- 
erally provided with two telescopes, one of which in- 
verts. 

The pocket sextant differs in arrangement from tho 
larger variety, bat not in principle. The index and 



horizon glasses are enclosed in r braes box of two or 
three inches diameter. The top unscrews andisscrcw- 
ed on the bottom for a handle. The box protects the 
glasses from ail ordinary chances of injury or dis- 
placement. The horizon glass may be moved slightly 
for adjustment, by taking the key c from its resting- 
place, and turning with it the levers a and d. The 
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screw G secures the telescope to the box ; but the in- 
strument may be used without the telescope. The eye- 
piece has a colored glass, and two in the interior of the 
box may be interposed, if necessary, to moderate the re- 
flected intensity. The graduation is to 80' on the scale, 
and read by the vernier to 1', the graduation extends 
to about 140°. I is the movable microscope for reading 
the vernier. The index glass is fixed in place by the 
maker, and will remain in adjustment, unless under 
extraordinary treatment ; hence no means of adjust- 
ment for it are provided. 

This is the usual form of the pocket sextant, al- 
though, in some instruments, certain modifications 
have been introduced. * 

There are three adjustments for the sextant, as 
follows: 1. To make the index and horizon glasses 
perpendicular to the graduated limb. 2. To make 
these glasses parallel when the index is at the zero of 
tlie scale. 3. To place the optical axis of the tele- 
scope parallel to the graduated limb. 

let Adjustment. — Eemove the telescope ; bring the 
index to the middle of the scale ; hold the instrument 
horizontally and look obliquely, so as to see one por- 
tion of the limb by direct vision, and another portion 
by jeflection. If the appearance is continuous and not 
broken where the two portions seem to join, the index 
glass is perpendicular to the limb. This glass is rarely 
out of place, and, as before observed, generally no 
means of restoring it are provided. 



66 mUTABT BUBTBTING. 

The horizon glass is perpendicular to the limb, when 
a sweep of the index arm causes the reflected image to 
pass exactly over the direct. The screw t serves for 
correction, if any is necessary. 

2d Adjustment. — This may be made, but it is rarely, 
if ever, done. To do it, set the index at zero, and turn 
the telescope to some small distant object; if it appear 
double, ease the screws which attach the horizon glass 
to the instrument, and turn it till the image becomes 
single, then tighten the screws, and re-examine the first 
adjustment. A more usual course is to ascertain the 
amount of error and apply it to the observations. If 
the zero of the vernier is to the right of its appropriate 
place, every angle will be too great, and if to the left, 
every reading will be too small. The amount of error 
is called the index error, and is the reading of the 
zero of the veniier when the glasses are parallel It 
is easy to obtain its value. For this purpose place the 
index near the zero, and look at a star, or, in its ab- 
sence, at a very small distant object. By moving the 
index arm to and fro, two images of the star are seen ; 
clamp the index arm, and by means of the tangent 
screw make them coincide. The glasses are now par- 
allel, and the reading of the limb is the index error. If 
the zero of the vernier is to the right of the zero of the 
limb, we are reading on the arc of excess, and the in- 
dex error is positive, and is to be added to every ob- 
servation ; if on the main limb to the left of the zero, 
it is to be subtracted. 
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By the sum, — Set the zero of the vernier at about 
30^ on the limb and clamp ; direct the telescope to the 
Bun, interposing one or more colored glasses ; holding 
the limb vertical, two images of the sun will appear ; 
by the tangent screw bring them into tangency at the 
highest point of one and lowest point of the other, and 
read the limb, record it as " on the arc." Unclamp 
and set the vernier on the other side of the vernier at 
about 30^, two images again appear. Bring about 
tangency as before, and record the reading off the arc. 
Take half the difference for index error. 

EXAMPLE. 

Heading on the arc, 31' 56" 
" off the arc, 31 22 

Difference, 0. 34" 

Index error, — 17" 

The sum of the readings should be equal to twice the 
apparent diameter of the sun, as given in the Nautical 
Almanac, for the date of observation. If the reading 
** off the arc" had exceeded that on, the index error 
would have been additive. 

Zd Adjuatment. — ^This is made by means of two 
parallel wires placed in the common focus of the tele- 
scope, to direct the eye to the middle of the field of 
view, in which all observations should be made. 
They divide it into three nearly equal parts. The 
sun and moon, when their angular distance apart is 
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90^ or more, are made tangent at one of the wires, the 
position of the sextant is then altered to bring them 
on the other wire, and if the tangency continues the 
adjustment is complete; if not, the position of the tele- 
scope mnst be altered by two adjusting screws con- 
nected with the np and down piece. 

The sextant measures angles in the plane of the 
objects and the eye, and hence it is necessary to pat 
the graduated limb in this plane. When it is used 
for triangulation, the measured angles must be cor- 
rected for reduction to the horizon^ When the plane 
of the instrument is but slightly inclined to the hori- 
zon, it may happen that the error of assuming the 
measured as the reduced angle falls within smaller 
limits than the errors of observation, and the correc- 
tion may be dispensed with. This and many other 
corrections, of small value in surveying, are applied 
or not, according to the sound discretion of the officer, 
keeping in view the degree of accuracy which it is de- 
sirable to attain. 

When the sextant is applied to measure an altitude, 
the graduated limb is held in a vertical plane. When 
the natural horizon is visible, as on extended plains or 
at sea, no collateral instrument is necessary, and the 
manner of observing is as follows : holding the in- 
strument in the right hand, and in a vertical position, 
the observer directs the telescope to the horizon, ex- 
actly under the heavenly body, and with the left hand 
moves the index arm from the zero towards the lower 
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end of the limb, till an image of the body enters the 
field and is near the horizon ; then he clamps the index 
arm, and turns the tangent screw till the image, if of 
a star, is seen on the horizon. If the san is used, he 
makes its image tangent to the horizon, at either the 
highest or lowest point of the disk. The angle read 
from the limb corrected for index error, is the apparent 
altitude of one of the limbs of the sun, or of the star's 
centre. If, however, the observer is above the sea 
horizon, as, for instance, on the deck of a ship, this al- 
titude must be diminished by a correction for dip of the 
horizon. The angle corrected for the sun's semidiame- 
ter, additive or subtractive, as the lower or upper limb 
was observed, becomes the apparent altitude of the 
centre. It is not the true altitude, however, as it would 
be seen from the centre of the earth, were there no 
atmosphere. The refraction of light by the atmos- 
phere increases the apparent altitude, while parallax 
decreases it ; hence a correction for refraction is to be 
subtracted, and one for parallax added. 

The irregularity of the ground generally prevents 
the use of the natural horizon, and recourse is had to 
an artificial one, which consists usually of a flat vessel 
of mercury covered by a roof-shaped frame, its faces 
being of glass. A piece of glass, the back face cov- 
* ered with pit<;h, to prevent reflection from the second 
face, mounted on a tripod of screws, and provided with 
a small level to test its parallelism to the horizon, is 
another form. 
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The image of the heavenly body, seen by reflection 
from the artificial horizon, is as far below as the body 
is above the horizon, and, as the instrument measures 
the angular distance between these two objects, it fol- 
lows that this is the doable altitnde. To measure a 
double altitude, hold the sextant as prescribed in the last 
case, directing the telescope to the reflected image, and 
with the left hand slide the index arm along the limb 
till a second image appears. When they either over- 
lap slightly, or are slightly separated, clamp, and, by 
the tangent screw, make the disks tangent at their 
highest and lowest points. When they are approach- 
ing tangency, it may be well to clamp and await the 
instant of contact. The angle read from the scale 
corrected for index error is the apparent double alti- 
tude of the upper or lower limb of the sun : upper when 
the altitude is increasing, as in the morning, if after 
tangency the images overlap, and lower, if (altitude 
increasing) they separate after tangency. If the alti- 
tude is decreasing, and the upper limb is observed, 
the images separate after tangency ; if the lower, they 
overlap. 

The second image, brought into the field of view by 
a motion of the index arm, is formed by light from the 
sun, which is first incident on the index glass, then re- 
flected to the horizon glass, and thence to the eye. 

In measuring t]ie angular distance between two 
bodies, holding the instrument in the plane of the 
objects graduated, face up, it is necessary to direct the 
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telescope to the left-hand object, the two reflectors 
bringing in the image of the other. But if one of 
the objects is faint, owing to the loss of light in two 
reflections, it may not be possible to see it if it is the 
right one, in which case it will be necessary to look at 
it directly, turning the graduated face down to bring 
the left-hand one into the field of view. 

The advantages of the pocket sextant are its porta- 
bility and accuracy, and the fact that it affords the 
means of solution of many important problems. The 
objection to its use in triangulation has been stated. 
With an extemporized artificial horizon, as a pail of 
water, it gives an altitude. The larger form is one of 
the most generally valuable instruments known. It 
affords data for correcting timepieces, for computation 
of latitude, and even gives a rude longitude. 

If the sextant be set to read 90®, the glasses make 
an angle of 46° with each other. Looking through 
the telescope along any line at any object, the image 
of a second object, whose direction is at right angles 
to the line of sight, will be seen coinciding with the 
first. Hence we may lay off a perpendicular to any 
given line, by sending a signal nearly the proper di- 
rection, and signing it to change position till its image 
is seen above. This is the use of the optical square, 
which has two glasses inclined to each other under an 
angle of 46°. 
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CHAPTER IV. 

PLANS TABLE — ^MEASUEBMENT OF DISTANOES. 

A PLANE table consists of a board to bear the paper, 
a tripod to furnish a support, and the intermediate 
arrangement of different constructions, serving to 
level it. In Fig. 24 we have a representation of one 
about 16 inches square, having its upper edge rabbeted 
to receive a boxwood frame, which, being acciiratelj 
fitted, can be placed on the board in any position with 
either face upwards. This frame is intended both to 
stretch and retain the drawing-paper upon the board, 
which it does by being simply pressed down into its 
place upon the paper, which foj this purpose must be 
cut a little larger than the board. 

One face of the frame is graduated from zero to 
360®, about the middle point of the board as a centre, 
in order to make the instrument capable of measuring 
angles. The reverse face of the frame is usually di- 
vided into equal parts, as inches and tenths. 

G is a compass-box, let into one side of the table by 
a dovetail joint, and held in place by a milled-headed 
screw, so that it may or may not be used at pleasure. 
The compass facilitates the putting of the table in po- 
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Bition, and serves as a check upon the accuracy of the 
work. 




Fig. 24 

The ruler, or index E, is of the length of the diago* 
nal of the table, is of brass and about two inches broad. 
It has a sloping or fiducial edge. A sight vane, F, is 
fixed perpendicularly at each extremity, and the eye 
placed at one of them ; the vertical hair in the other, 
being made to lt)i8ect an object, serves to direct the 
4 
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line of vision. The flat snrface of the index is often 
covered by useful scales, as lines of equal parts, 
chords, etc. 

The arrangement between the table and tripod con- 
sists generally of parallel plates with screws, like the 
spirit-level, or ball and socket, for the purpose of level- 
ling, and the table is levelled when a small detached 
level retains in any position on the board the bubble 
at the middle of the tube. 

One method of putting on the paper is to dampen 
its under side, and lay it on the board, confining it by 
pressing the frame into its placa The paper shrinks in 
drying, and affords a smooth surface. It is objected 
to this, that the paper is easily affected by hygromet- 
rical changes in the atmosphere after undergoing this 
process, and some prefer to put the paper on dry, 
keeping it as smooth as possible, and confining it as 
before by the frame. 

The survey may be so large as to require several 
sheets of paper, in which case the old sheet is removed 
when filled and a new one is substituted, which, how- 
ever, should contain two stations in common with the 
first, in order that the two sheets placed side by side, 
the projections of the same stations in both coinciding, 
may make a continuous map. The line on the nj^w 
sheet should be so placed, in reference to the direction 
in which the work is to be extended, as to take in the 
maximum quantity of work. 

Simple modifications of the plane table are prefer- 
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red by some. A plain board of well-seasoned soft 
wood (pine or cedar), with compass, the whole made 
so as to fit on the staff or tripod, is all that is essential. 
The paper here may be pasted on, affording protection 
against expansions ot contractions ; when one bos^d 
is filled up, replace it by another, and after the whole 
work has been done, a general map may be constructed 
from the several parts. 

Instead of sight-vanes, a telescope is sometimes 
mounted, to direct the line of sight. It has a reticle in 
the principal focna of the eye-glaas. 

The plane table is in position in reference to previ- 
ously determined points, when one line on the sheet 
is parallel to its representative in the triangulation ; 
and this must be brought about at every station, either 
by aligning a pencil line by the index on the stations 
which it joins, or by the compass-bearing. 

Let us see how, by means of this instrument, we may 
form the plan or horizontal projection of the sides of 
the triangle, R S P, Fig. 25. We first set up the 
plane table at B, and level it. Assume a point on the 
paper directly above the point R, as the projection of 
R, and insert a needle at this point; then direct the 
line of sight to S and P in succession, and draw, with 
a pencil, the lines r p and r 8 in their directions. • 
Then measure the distance R S, and, taking from the 
scale of equal parts a distance assumed to represent 
the line R S, lay it off from r to «, and 8 will be the 
projection of S on the paper. Transport the instru- 
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ment to S, set it ap level, and place it 8o that s is rer- 
tically above S, and turn it till the pencil line r a co- 
incides in direction with R S, which will be the case 
when the R is seen bisected by the vertical hair of the 
sight-vane, while the edge of the index coincides with 
8 r. The table is now in position. Set up a needle at 




Fig. 2S. 

sf and turn the index about it till P is brought into 
the line of sight, then draw the line sp^ which will 
intersect the line r p m the point p^ which cor- 
responds to P. The triangle s p r is the plan of 
S P R. By means of a protractor the angles may be 
measured ; and the distances ap and rp^ taken up by 
dividers and applied to the scale of equal parts, will 
give the lengths of the sides S P and P R, so that we 
have a means of determining inaccessible angles and 
distances. 

The point s is placed vertically above S by means 
of a plumb-line, fastened to the lower surface of the 
table just below «, and this is facilitated when the in- 
strument has a clamp screw, and tangent screw for 
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8mall changes of poeition of tho table without dis- 
placing the tripod. 

We will now proceed to exhibit some of the appli- 
cations of this instrument, and the first will be to de- 
termine projections of points by the method of inter- 
sections. We will suppose two stations, A and E 
(Fig. 26), the distance between which has been meas- 
ured and reduced to the horizon. We draw upon the 
paper the line a eto represent A E, taking its length' 
from the scale of equal parts, as before. Then set up 
the instrument at A, level it, and bring tlie point a 
vertically above A by means of a plumb-line, and 
make a e coincide in direction with A E, as before. 
Set up a pin at a and turn the index in succession 
on the stations B, C, D, keeping it all the time in 
contact with the pin, and draw according to the suc- 
cessive positions of the index, and along its edge, the 
lines ah^ a Cy a dj which will contain the projections 
of B, C, D, and will represent the projections of A B, 
A C, A D, respectively. Transport the table to E, 
set it up as before, e vertically above E, and e a having 
such a direction that, when the index is placed on this 
line, A will be in the line of sight. Set up a pin at 
ey and direct the index, always touching e^ upon B, C, 
D, drawing in succession the lines e h^ e e^ e d, 
to represent the projections of E B, E C, E D. 
The points of intersection of corresponding lines 
through e and a give the positions of B, C, and D 
on the plan. For instance, the intersection o{ ai 
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and e h corresponds to B, of a o and e e gives 0, 
and so on. To avoid confusion and error, it would be 
well to write while at A, along each line drawn, the 
name of the station towards which it is directed, and 
do the same at E. By joining the points thus deter- 
mined, we have a representation of the outline in plab, 
upon the scale that has been selected. 




Fig. 2d. 






In the second method, the instrument is set up at 
each station, and tlie distance between each pair of 
successive stations measured. It is a longer method 
than the preceding. The table is first set up at A 
(Fig. 26), in conformity to the principles previously 
laid down, and the index directed to E, and a corre- 
sponding line a e drawn on the paper. The distance 
A E is measured, from the scale a distance a e \% 
taken to represent A E, this is laid oflf from a to ^, 
and e becomes the projection of E. The instrument is 
set up at E, and put in position, as before described, 
the index directed towards B. Draw the indefinite 
line e J, measure E B, take its representative from 
the scale, lay it off from ^, and the other extremity 
of this length represents B. This operation is con- 
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tinued, and will be verified if, on retaming to A, the 
polygon is found to close exactly. 

This method is practised in representing winding 
roads, the banks of a stream, and in thickets of woods. 

A third method consists in setting up the table at 
but one station, usually selected in the interior of the 
figure which it is desired to represent in plan, and 
from which all the other stations are visible, as at C 
(Fig. 27). 




Fig. 27. 

The index is directed in succession along C A, C B, 
C D, and 0, and the corresponding lines drawn in 
pencil C a, J, C (Z, and c. Then the distances C A, 
C B, C D, etc are measured, and their representa- 
tives taken from a scale of equal parts, and laid off in 
their proper directions, giving a, J, rf, and c. 

The compass affords facility in putting the plane 
table in position. Let us suppose it to be in a rec- 
tangular box : then, at the first position of the table, 
place the compass-box on the table and turn the box 
till the needle comes to rest in a direction parallel to 
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the longest edge of the box, and draw a pencil mark 
along this edge as a ruler. At the next station, when 
the table has been set np, place the long edge of the 
compass-box along the same right line, and turn the 
table till the magnetic needle resumes its position par- 
allel to the edge ; when this takes place the table is in 
position for further observation. This is of easier 
execution than the previous method, which consists 
in making the lines on the paper lie in the ver- 
tical planes through the corresponding ones on the 
ground. 

If there should be any local cause to derange the 
magnetic position of the needle more at one station 
than another, it is evident that the compass would as- 
sign an erroneous position to the instrument. 

If the compass is always fixed in the same place as 
represented in Fig. 24, it will be sufficient to establish 
the position of the plane table, so that the needle in- 
dicates the same bearing as at the previous station. 

To locate a particular point, as a bend in a road, 
set the instrument up at this point, and turn it till the 
compass indicates the same reading as it did at the 
several stations already plotted on the board, when 
the table will be in position. Set up a needle at one 
of the stations and direct the index (without moving 
the table), its edge against the needle, towards the sta- 
tion whose locus is at the needle ; draw a line along 
the index edge, on that part of the board where the 
point sought is likely to fall; take up the needle 



HILTTABT SUBYETINa. 



81 



and fix it in the projection of another known station, 
and, as before, direct the index to this station, and 
draw a line; its intersection with the first line will 
be the position of the observer in projection. For 
verification, it would be well to use a third station in 
the same way, and the three lines should have a com- 
mon intersection. 




Fig. 28. 

If we have given the projection of two points, one 
of which is inaccessible, we may determine the posi- 
tion of a third point which is accessible. Let a and b 
represent the projections of A and B, the latter being 
inaccessible. Set np the table at A in position by 
sighting B, turn the index to and draw a (/'. Take 
the table to C, and put it in position by using the line 
a c'7 erect a needle at h and turn the index to sight B, 
and draw along its edge h o^ ; the intersection with a 
</ is the projection of 0. 

If both the known points be inaccessible, and a 

point on their alignment and between them is acces- 
4* 
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Bible, we may still fix the projection of the third ac- 
cessible point 0. For this purpose, set ap the table 
at M, on the line A B, and place the table in position 
by this line, and assume a point m! to be the projec- 
tion of M. Sight C and draw along the index edge 
the line m' c' . Go to and align m* d on M C, 
then a i is parallel to A B. Place the edge of the index 
on a and sight A; do the same for &, and draw the cor- 
responding lines; their intersection is C in projection. 
The three-poirU problem has for its object to deter- 
mine the position of a point from which three known, 
but inaccessible points are visible. Let ^, m, d^ be 




the projections of the three points, and 8 the projec- 
tion of the point required. At S measure the angles 
GSM and M S D, and through g and d draw two 
lines g a and d h, making a g m=G S M, and m,d}) 
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=M S D. Then at g and d respectively, erect per- 
pendiculars g and d o' to g a and d ft, and at the 
middle points o{ g m and m dy erect perpendiculars 
c and e d ; from the points of intersection o^ o\ as cen- 
tres, describe^ m « and (2m «, their intersection is S, 
since 5'«m = a^w = QSM, and ms d=^mdh^ 
M S D, subtending equal arcs. 

To construct the angles ag vn and hdm^ with plane 
table set it up at S, placing g over S, and turn it till g 
m is in the vertical plane of S M ; then sight O by 
turning the index about ^, and draw a line along the 
index ; this is ^ a / and in a similar manner the other 
angle is laid off again. 

The problem may also be solved by successive ap- 
proximations, by setting the plane table at S, as nearly 
in position as possible, and through the projections of 
the points sighting the points themselves. This gives 
three lines which intersect in a point where the table 
is in position, and by successive trials nearer approxi- 
mations are made. 

Take a sheet of transparent paper, stretch on the 
plane table, and through any assumed point draw three 
lines, making with each other the measured angles at 
S ; then superpose this sheet on the map so as to make 
these lines pass respectively through the points to 
which they refer ; prick their point of intersection 
with a needle, and this is the required point on the 
map. This is a problem of frequent use in surveying, 
and occurs in the use of the sextant. 
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The preceding illustrations of the use of the plane 
table are sufficient to show its use in surveying, both 
for measuring angles and for plotting a projection of 
a series of points. It is chiefly used in the filling in 
of details, although, when it has a graduated limb, 
compass, and telescope, it is available for a wider 
range of usefulness. 

For a rapid survey, such as a reconnoissance in the 
presence or vicinity of the enemy, the following is a 
simple and portable construction of the plane table. 
It is composed of several rules of equal length and 
breadth, held together by being pasted to a sheepskin 
or strong cloth. To make a plane table, they are un- 
rolled and held in the plane by means of two similar 
rulers turning about one extremity, with a small 
hook fastened at the other. When not in use, it 

^ may be folded up and carried in the 
pocket or holster. It may be fitted 
to an iron-pointed staff. An index 
may easily be made for it, provided 
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Fig. 80. with needles instead of sights. 

MEASUREMENT OF DISTANCES. 

The chain is one of the most obvious devices for this 
purpose. It is found of various lengths, but, for pur- 
poses of topography, fifty feet is as convenient as any 
Ten pins usually are used in connection with it, and 
are taken by the chain-man in advance, who markii 
the extremity of the chain by fixing one in the ground. 
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which is picked up by the rear man. The rear man 
should keep his partner in the alignment of the two 
stations. The forward chain-man may also fix the posi- 
tion of the rear man on the line with the back station. 

The chain should be well stretched upon the ground, 
and when the latter is not level, it is necessary either 
to keep the chain horizontal, or to take the inclination 
of the chain when stretched on the ground, in order to 
reduce the measured distance to the horizon. The 
latter is the more exact method, if carefully carried 
out, as in the former case the chain will always be 
more or less curved, thus giving too great a distance. 
The chain is used for the measurement of bases in 
topography. 

It may be necessary to stake out the line to be 
measured, when the extreme stations are not visible 
from all points of the line. 

The chain-men may establish themselves on the line 
connecting two visible stations, as follows : Having 
placed themselves facing each other, approximatively 
on the line, one causes the other to move till he covers 
one station ; the second, in turn, fixes the other so as 
to cover the other station ; and the process is repeated 
till each covers the station in front of the other. 

The manner of using the chain is too obvious to need 
description. 

Odometer. — ^This consists of a small brass circular 
box, containing a series of cogwheels, which regulate 
the motion of an index on a dial-plate upon its exte- 
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nor, which records the number of revolations of a 
wheel to which the box is attached by straps. The 
length of the perimeter of the wheel, multiplied by 
the number of revolutions, will give the distance 
passed over. This distance is generally too great, 
since roads are rarely straight and level, and should 
be reduced by from one<fifth to one-tenth, depending 
upon the character of the country. It is obviously a 
comparatively rude approximation, bat is often of 
considerable value. 

When the rate or pace of a man or horse has been 
determined, it may be used for measurements of dis- 
tance, which should also be reduced from one- tenth 
to one-fifth, depending upon the undulations and tor- 
tuousness of the route pursued. 

The velocity of sound in a calm, clear atmosphere, 
at 32" Fahrenheit, is 1,090 feet per second ; for a 
higher temperature add one foot for each degree above 
82^. A gentle breeze will increase or decrease the 
velocity about 10 feet, according as it blows in the 
direction in which the sound comes to the ear, or the 
opposite. A gale will make a diiference of 20 or 30 
feet, and a very high wind of 70 or 80. When the 
wind blows perpendicularly to the sound route, the 
velocity is supposed to be unaffected; when obliquely, 
the change of velocity will be sensibly equal to the 
estimated velocity of the air multiplied by the cosine 
of the inclination of its path to the sound route. 

The time in seconds between the flash of a gun and 
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the hearing of the explosion, mnltipliod by the ve- 
locity as above determined, will give the distance 
between the gun and ear. 

The distance of an object whose height is known, 
may be determined in the following manner: Take a 
narrow, smooth strip of wood, several inches in 
length, and graduate it by divisions, 16 to 20 to the 
inch. It is to be held vertically between the thumb 
and forefinger, the arm extended. Its distance from 
the eye when thus held must be known, and may be 
supposed constant. It is determined in this manner, 
viz. : measure off on a level plane a distance of, say 
fitly yards, and at its extremity set up a staff in a ver- 
tical position ; hold the strip of wood as above de- 
scribed, so as to cover the whole or portion of the 
staff, the foot just visible over the thumb nail, and mark 
the point covered by the top of the strip ; measure its 
height above the ground, and represent it by a; call 
the measured distance (fifty yards) J, and the portion of 
the graduated strip above the thumb nail o, then the 

distance of the latter from the eye is — , and is known ; 

call this distance d. 

To determine the dis- 
tance of a body whose 
height, H, is known, 
cover it as above, and 
call h the length cut off, on the graduated slip ; then 

D = H ^ to within perhaps jV o^ its true value. 
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When H is not known, measure off in a direction op- 
posite to the object a distance, B^ equal to the esti- 
mated value of D. From both positions apply the 
strip of wood, as above described, and call A' the last 

A' 
space cut off; the D=B j—ji to within ^V or ^V if B 

is nearly equal to D, and h is not less than one inch. 
This may be applied in finding the width of a river. 
The degree of approximation is given on the author- 
ity of French officers. It should be determined by 
each one for himself. 

A stadia is used for the same purpose in connection 
with a graduated staff. It consists of a telescope with 
two horizontal hairs in or near the principal focus of 
the eye-glass. It is important that the image of the 
staff should fall upon them and be contained in the 
same plane, and, of course, at the same distance from 
the eye. These hairs are fixed in a diaphragm, and 
together they constitute a reticle. As different eyes 
require waves of different curvature, or, in other words, 
as some see best when the waves entering the eye are 
divergent, others when plane, and others when they 
are converging, it follows that the image and reticle 
must, for these different persons, be at different dis- 
tances from the eye, and hence the angles at the eye, 
subtended by the distance between the hairs, are dif- 
ferent. This requires each observer to graduate his 
own* staff. The rod is graduated by trial. Let us sup- 
pose the first distance to be 300 yards ; the staff is held 



MIUTAST BUBTSTINO. 89 

vertically, the telescope directed so that the lower 
wire covers a transverse black mark on the staff ; the 
point covered by the upper hair is marked by another 
transversal, and is numbered 300 yards. Other points 
of the scale are ^determined in the same way. The 
distance of a point is determined by sending a man 
with the staff to the place ; he holds it vertically ; the 
number corresponding to the point covered by the 
upper hair is the distance in yards, the telescope be* 
i;ig directed as before. It is obvious that, if the point 
be occupied by any object whose height we know, its 
distance becomes known without the use of the staff. 

There ure other forms of these instruments, as a 
hollow tube, with a small aperture for the eye, and in 
the interior two parallel hairs, which are movable by 
means of a micrometer screw. This probably affords 
as good results as the telescopic arrangement, and 
better than the graduated strip just described. In the 
telescope, too, a movable reticle is sometimes applied. 
All these methods should be verified by actual meas- 
urement of different distances. Some persons estimate 
distances with an accuracy that seems wonderful. It 
is a natural gift, but may be greatly cultivated by 
practice. It is a valuable acquirement, and finds im- 
portant application in making a sketch of a position 
in presence of the enemy, where one is not able to use! 
any of the ordinary methods. 
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CHAPTER V. 

LBTKLLING IN8TBUMENT8 AND LEYBLUNG. 

Letelliko inBtniments may be divided into two 
classes, the uses of which are generally quite dis- 
tinct. The first gives the direction of the line of appa- 
rent level ; while the second is nsed to measure the 
inclination of the visual ray to the apparent level, 
and both ^re founded upon one of the following prin- 
ciples : 

1. Any confined fluid or fluids acted upon only by 
their weight, as modified by the centrifugal force due 
to the rotation of the earth about its axis, will arrange 
itself so as to make the free surface, or the surface 
common to the two fluids, everywhere perpendicular 
to the direction of the weight. This surface may be 
regarded as coinciding with the tangent plane of the 
horizon. 

2. That a plumb-line assumes a vertical position. 
The most accurate instruments involve the first 

principle, and depend upon a spirit-levd, which con- 
sists of a tube of the form of an arc of a circle, par- 
tially filled with alcohol or ether ; the remaining space, 
being filled with air, takes the appearance of a bubble, 
which always occupies the highest portion of the tube. 
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This instrument consiBts of a cylindrical brass tnbe, 
bent at its extremities so as to present two arms at 
its right angles to its length. In these are set two 
glass vials. The tube is mounted on a tripod, and ad- 
mits of a motion around the vertical axis, so as to 
make the circuit of the horizon. The tube is filled 
with water from one of its extremities, till its upper 
level is halfway or more up the glass vials. The water 
may be colored to make it more distinct. When it 
comes to rest, the upper surfaces in the two tubes 
have the same level, and, if we look tangent to these 
surfaces, the visual ray is horizontal. The vials being 
small, however, the upper surfaces will be curved, 
and hence there is some chance of committing error. 
However, a tangent to these curved surfaces at the 
highest points is horizontal, or a line connecting the 
points where the upper surface touches the glass in 
each tube is horizontal. It is usual to stand off some 
distance, so as to lessen the error of observation. 

The vials should be of the same size ; if not, the line 
of level will be different for different positions of the 
tube, unless the axis of rotation is vertical and the 
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tabQ perpendicular to it, which generally is not the 
case. If we suppose the line of sight to be not hori- 
zontal, the error of level will be greater as the distance 
is greater. Hence it is usual to limit the use of this 
instrument to distances not exceeding fifty times its 
length. For this limit the error is about four inches, 
supposing the eye to err ^ of an inch on each vial. In 
the hands of an unskilful observer there is not nearly 
so much liability to error as would arise from an im- 
perfect adjustment of the spirit-level. This instru- 
ment is of so obvious and simple construction, that 
almost any one is able to make one. Thift, and the 
fact that it adjusts itself, that the surface of the water 
in the vials is always level, constitute many evident 
advantages. 

The Y spirit-level is represented in Fig. 33 ; it con- 
sists of an achromatic telescope mounted in Y's, and 
has a reticle in the principal focus of the eye-glass. 
The reticle consists of two spiders' lines, at right an- 
gles to each other, fastened at their extremities in 
separate slides. The object-glass is mounted in a sep- 
arate tube a, which is made to move in and out of the 
main tube, by turning the milled-headed screw A. The 
tube c c, supporting the spirit bubble, is fixed to the 
underside of the telescope by a joint at one end ; at 
the other is a capstan-headed screw, which enables one 
to set the axis of the tube parallel to the line of colli- 
mation. This line is determined by joining the inter- 
section of the cross hairs and the optical centre of the 
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object lens. One of the Y'b is susceptible of a vertical 
motion by turning the screw B, in order to make the 
line of coUimation perpendicular to the vertical axis, 
or axis of rotation. 

Between the two supports is a compass box C, which 
enables us to take bearings at the same time. This 
is not an essential part of the level, and many instru- 
ments are without it. 

O O is a brass plate through which four levelling 
screws (two of which are seen in the figure) tarn « 
in sockets in the lower plate, while their heads press 




against the upper plate, P. I) is a clamp-screw 
' which closes upon the axis a collar, preventing 
all motion when the level is pointed for observation. 
A slight motion may, however, be impressed by the 
tangent screw T. 
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The object of the motion of the object lens is to 
throw the image on the cross hairs of the reticle. The 
eye-piece also admits of motion to and fro in the 
tube, and shonld be adjusted to bring the cross hairs 
out distinctly. Then the telescope being directed, the 
screw A is turned till the image is seen distinctly. ^ 

It should have been observed that the cross hairs 
may be slightly moved by small screws near the eye 
end, one of which shonld be loosened before the other 
is tightened. Each admits of motion separately, two 
of the screws moving the slide which contains the 
vertical hair, and the other two the horizontal. 

There are three adjustments. 1. To place the in- 
tersection of the spider lines on the axis of the tube. 
2. To make the axis of the level parallel to the line 
of collimation. 3. To make the axis of the level and 
the line of collimation perpendicular to the axis of 
rotation. 

JFzrst adjustmerU. Direct the telescope to a small 
well-defined object, causing it to appear on the in- 
tersection of the cross hairs ; then, turning the tele- 
scope half over as it lies in the Y's, observe whether 
this coincidence continues; if so the adjustment is per- 
fect. If, however, the horizontal hair appears above 
or below the point, loosen one of the screws which 
move its slide and tighten the other, so as to carry 
the hair over half the estimated interval. Redirect 
the intersection on the object, and if the distance has 
been correctly estimated, the object will be seen on 
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the horizontal hair as the telescope is tamed iu its 
bed. If not, another, and perhaps a third, trial 
will be necessary to complete the adjustment. A 
similar process will correct the adjustment of the 
other hair, and the intersection will remain on the 
axis. 

Second dc^ustment Open the Y's, and turn the 
telescope till it is over two of the levelling screws, 
and by means of the latter bring the bubble to the 
middle of the tube. Take the telescope up and turn 
it end for end, and if the bubble returns to the mid- 
dle of the <tube the axis of the level is horizontal. If 
not, the bubble is brought to the middle, half by the 
levelling screws and half by the capstan-headed screw. 
A new trial is made, and, if necessary, repeated ap- 
proximations till the bubble remains in the middle; the 
axis of the level is then horizontal. Revolve the tele- 
scope in the T's slightly, and if the bubble remains in 
the middle, the axis is parallel to the line of collimation ; 
if not, the axis is moved by the screws e^ loosing one 
and tightening the other, and by successive approxi- 
mations the axis is brought into the same plane with 
the line of collimation. Ee-examine the first part of 
this adjustment, to see whether it has been disturbed. 

Third adjustment. Place the telescope over two 
of the levelling screws, and bring the bubble to the 
middle, by screwing one and unscrewing the other. 
Turn the telescope about the vertical axis 180 degrees, 
bringing it over the same screws ; and if the babble 
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does not remain in the middle, bring it back half by 
the screw B and half bj the two levelling screws. 
Tlien turn the telescope over the other two screws and 
repeat the process, and when the babble remains in 
the middle for every position of the telescope, the ad-^ 
justment is complete. 




The mason's level is represented in Fig. 34, and 
belongs to the second general class of levelling instru- 
ments. 

D E IS an isosceles right-angled triangle of wood 
or brass, the altitude, of course, being equal to one- 
half of the base C E. When accurately constructed, 
a plumb-line, suspended from D, bisects the base 
when the latter is horizontal. To determine this 
point, place the base on a slightly inclined surface, 
A B, and note the point m, where the plumb-lino 
crosses; then turn the base end for end, and mark 
the corresponding point m': the point <9, required, is 
midway between m and W. This is the origin of a 
linear graduation on C E, extending each way, and 
dividing each half of the base into equal numbers of 
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equal parts. For illustration, suppose the number to 
be one hundred. A graduated circular arc, having its 
centre at D, tangent to the base and terminating in the 
sides about the right angle, is sometimes added, hav- 
ing its zero at the point of crossing of the plumb-line 
when the base is horizontal, the graduations increas- 
ing in each direction. To apply it to measuring the 
slope of A B, place it in the position in the figure, 
and note on the arc or base, the number where the 
plumb-line crosses. The number of degrees on the 
arc is the inclination of A B to the horizon, and the 
number on the base divided by one hundred is the 
tangent of the inclination. To find the slope, refer to 
the table of natural tangents. For instance, suppose 
the number on the base to be twenty ; then twenty 
divided by one hundred is 0.2, and by reference to the 
table we find the inclination to be 11^ nearly. 

All this is evident, since o D m and A B K are 
similar triangles, and the angle o J) m is equal to 
B A K. B K is equal to A K x tangent B A K, 
whence we obtain the difference of level between A 
and B. It is also apparent that any error in reading 
the angle o D m, or its tangent, produces a corre- 
sponding error in the value of B K, which increases 
as A K becomes greater, and hence it is well to limit 
the use of this instrument to short distances. If the 
error of estimation on the base is l-25th of an inch, 
the empr in B K is four inches, provided A K is one 
hundred times o D. 
5 
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A slope levd oonsisto of a spirit bnbble, attached to 
a flat brass plate by a hinge, and of a circalar gradu- 
ated arc, having its centre at the hinge. When the 
plate is horizontal, and the spirit-level resting on it, 
the bnbble stands at the middle ; bnt when the plate is 
inclined, it is necessary to raise one end of the spirit- 
level to bring the bubble to the middle. The angle 
through which it is reyolved is equal to the inclina- 
tion of the slope. 

Burel** RellectiBg I^evel. 

This instrument, represented in Fig. 35, consists of 
a cube of copper, of which the edges are about one inch 
in length. To one of the faces is attached a ring, A, 
by means of which it is held in the hand. There is a 
screw and nut, B, which serve to move the point of 
suspension. The face, E F G H, is a mirror, in 
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Fig. 86. 



front of which is stretched a fine thread, parallel to 
the base, and fastened at the points L and M, which* 



project beyoqd the face of the cube. The plane of 
the mirror fihould be vertical, and the line L M hori- 
zontal. Then, to use it, hold it bo that the line L M 
biseots the pnpil gf the eje, when the thread and its 
image appear m one, and the plane passing through 
the eye and the thread is horijsontal. By means of 
the points L and M, indicate to the rodman in which 
direction to nfiove the vane so as to bring its middle 
line fcto the horizontal plane, through the^ eye. The 
difference between the height of the eye and the 
reading of the level-staff is the difference of level. 
We may elimiinate the height of the eye-, by using an- 
other station and noting the reading of the level-staff 
again ; the difference between the two readings is the 
difference of level between the points occupied by the 
level-staff. Keeping the vane at the same height, let 
the rodman occupy different positions, such that the 
vane is always in the horizontal plane through the 
eye. These points are on the same level, and are 
points bf a horizontal curve. This indicates an appli- 
cation in laying out the principal horizontal curves. 

To ascertain whether the mirror is vertical, take a 
position In front of a vertical wall S T ; let F H be the 
mirror ; mark the intersection jp of the wall with the 
plane through the eye and the points L and M ; then 
turn the back to the wall, and again place the level 
at the height of the eye, F' H' being the new position 
of the mirror. The intersection of the wall with the 
plane of the eye and L M, which must always be nor- 
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mnl to the reflector, now passes tliroagh p\ and may 
be seen by looking obliquely in the reflector. If ^ and 
p' do not coincide, the reflector is not vertical, and 
miiBt be moved throngh an angle equal to F' L N. 
To do this, mark P halfway between p and pi and 
tm-Q the screw C D, till this point is Been in the nor- 
mal plane throngh the eye. Keversing the direction 
of the eye, it shoald still appear in this plane. 



This iDstrument may be held in the hand, or sus- 
pended from a stake planted in the ground. It aa very 
portable and useful. It is the invention of a French 
officer. 

A rule, a few inches long, snepended from its cen- 
tre of gravity, fumiehea a horizontal line. 

Captain Lived I^vel. 

It consists of a rule, ten inches long, provided at 
each extremity with a bubble and a sight of copper, 
one of the latter pierced in two points v v' ; the 
other, D, has a rectangnlar apertnre, in the largest 
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dimension of which is stretched a thread, which, 
with V or v\ determines the plane of sight. D is 
graduated into parts, each one of which is equal 
to TTT part of the length of the rule D. The 
whole may be mounted on the plane table, and thus 
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Fig. 87. 

with the same instrument fix the horizontal projec- 
tions of points, and determine their difference of 
level.^ To use it, if the object to be observed is above, 
apply the eye to the lower aperture v, and slide a strip 
of paper along D till the object is seen, the visual ray 
grazing the edge of the paper ; the number of divi- 
sions read* from the ascending scale, divided by one 
hundred, is the tangent of the angle at the eye, and 
this ratio, multiplied by the horizontal distance of the 
object, gives the altitude of the object above the eye, and 
this, increased by the height of the eye, is the altitude 
above the ground, at the position of the instrument. 
When the object lies below the horizon of the observer, 
the upper aperture is used for the eye, and the proper 
number of divisions is taken from the descending 
scale, the zero of which is on the level with the upper 
eye aperture. 
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Bnraier'B Clisimeter or Blopc-levcl is not bo accurate 
SB the preceding, but has the advantage of being used 
in the hand, and requiring no mounting. Fig. 33, It 
coQBista of a box, in which iB mounted a circular 
graduated arc, having ita centre at C, just above the 
centre of gravity of a needle, represented in dotted 
lines, which always remains horizontal, if we n^- 
lect the Bmall oscillationB it performs when dis- 
turbed. When at rest it 
is horizontal. On one of 
' the faces of the box, und 
at the height of C, are two 
' notchcB, V and Y, which 
determine the Hne of sight, 
which is horizontal when 
"«-»8. the needle stands at zero. 

Then, to measure a vertical angle, it is only necessary to 
turn the box, till the line V T has the proper direction, 
and read the angle bIiowu by the needle The box 
may be mounted on a staff, as represented in the figure. 
The needle might have been made so as to have its 
centre of gravity at the middle point of its length ; but 
the graduations would have been more minute, since 
the radius of the arc would have been smaller. The 
only adjustment of this instrument is, that the line of 
Bight should be horizontal when the needle stands at 
zero. 

For levelling purpoffea, the French adapt to a com- 
pass box a vertical graduated limb and telescope. For 
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great accuracy, we may use the theodolite or gpirit- 
level ; and for less strict purpose, some one of the sev- 
eral devices that have been described. 

In connection with the T level, a rod is used, which 
is made of different constructions. It is usually of 
two parts, each about six feet in length, which slide 
together for transportation ; but, when necessary, they 
may be extended, giving a rod about twelve feet in 
length. It is graduated into feet and tenths. It is 
provided with an iron vane, which may be moved up 
anil down. The middle line of the vane is made to 
intersect the prolongation of the line of coUimation of 
the level. It is rendered conspicuous by painting 
portions of the vane in different colors. The rod is 
sometimes provided with a vernier. 
. A common semi-cir- ^. 
cular protractor may be 
used for levelling pur- 
poses, after attaching a 
plumb-line to the centre. 
To ascertain the differ- 
ence of level between A Fig. ». 
and B (Fig. 40), standing at A, hold the protractor at 

the height of the eye, in a ver- 

tical plane. Hold the zero of FiiTttT 

the graduation towards the eye 

and look along the edge M N, changing its inclination 

rill the point B is seen. The plumb-line falls on a 

division of the graduation which indicates the zenith 
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distance of B. To facilitate the observation, place 
one hand under the limb, so as to hold the plnmb-line 
in position while you note the reading. 

It is sometimes convenient to use, in connection 
with the protractor, a scale of the following descrip- 
tion, Fig. 41. Assume a line M, N, as a horizontal, 
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and lay on either side, lines making angles with it of 
6^, 10®, etc. ; their zenith distances then are 85°, 80**, 
etc.; andthoseforbelowMN,95%100°,etc. Through 
M, erect a perpendicular, and draw a number of lines 
parallel to it. Take from the plan the horizontal dis- 
tance in feet from A to B, and lay it off on the scale, 
and let K K represent it. Draw through E a perpen- 
dicular line to M N, and terminate it at H, on the in- 
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dined line which corresponds to the observed zenith 
distance. Then K H represents the difference of level 
between A and B, according to \he scale of the plan. 
Applying it to the scale, we ascei^tain the number of 
feet required. If the zenith distance falls between 
two inclined lines on the scale, we easily approximate. 

Take a ruler of wood A B, 
attach a thread to its extremi- 
ties, and determine the point 
of suspension C, which makes 
A B horizontal. Holding it ^- ^ 

at the height of the eye, and looking along it, the line 
of sight is horizontal. Tliis is referred to in a subse- 
quent part of the subject. 

Lievellliig. 

We have regarded the earth* as a sphere in deter- 
mining the horizontal projections of points, and, as our 
levelling operations do not require its ellipticity to be 
taken into account, we still consider it spherical. 

A line is said to be level when it is parallel to the 
surface of the ocean at rest ; every point of the line is 
then at the same distance from the centre of the earth, 
and the line is an arc of a circle. If two points arc 
at unequal distances from the centre of the earth, 
there exists a difference of level, which it is the object 
of certain instruments to determine. 

These instruments determine the tangent A B'' to 
the first element of the curve, and give a difference of 
5* 
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level B B'\ instead of B B'. Hie line A B'' is tMed 
the apparent level, and the hta A B' the tnie level. 
The apparent difference of level between A and B is 
B B", the true is B B'=A A'; henee, the instrumen- 
tal result must be corrected by adding a quantity 
equal to B' B". This is the correction for curvature 
of the earth's surface. For a lew hundred yards this 

difference is small, and 
may tisuaUy be neglect- 
ed ; while beyond this 
distance, whethet* it 
should be taken into ac- 
count or not depends up- 
on the acc^uracy of the 
instrument used, and the 
object of the survey. 

to find B' B", we re- 
call that the tangent is 
a mean proportional be- 

O.C«ntreofft6ejrth; AB',mt;rtat twefen the SeCaUt aild 
circle of the «arth; A B, an arc parallel 

***^^'- its external part; hence, 

denoting the radius of the earth, A C, by R, the 
horizontal distance between the points by K, and 
B' B'' by h, we have 

K^^h (2 n+h) or h=^^y, 

and, neglecting h in the denoiminator, m beiag iiigig- 

nificarit compared with 2 R, A=«^' 




c 

Pig. *«. 

irOmNOLATUBX. 



MXLirAST SUBTKYUTG. 



107 



For another distance, K', we have A'==p5 • 

hence, A : A' : : K* : K'*; or, the differences between 
the trne and apparent level are proportional to the 
squares of the horizontal distances between the sta- 
tions. 

Bj assigning different values to E, and substituting 

for 2 B the mean diameter of the earth, a table of 
values for k may readily be constructed. If K is one 
mile, h is very nearly eight inches ; for two miles, four 
times eight inches ; for three miles, nine times eight 

inches : for half a mile, a quarter of eight inches. Or 

2 K* 

we may adopt tills formula: A in feet = , K be- 

3 

ing expressed in mUeg. 

It is possible, however, to eliminate this correction 
for curvature. Let A, Fig. 44, be the position of the 
spirit-level, equidistant 
horvsa/Ualiy from the 
points B' and D". Then 
B" D" is the apparent 
level, a^d B' D^ the true. 
W is on the apparent 
level of A, and B' is 
below it, by a distance 
equal to B' B" equal to 
D' D", but the laiter is 
the true difference of lev- 
el, and is equal to the apparent difference. I{ence, if 
the instrument be placed so as to be equidistant from 
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the two points, there is no correction for curvature; 
and this is a general rule to be observed in all lev- 
elling operations. 

To explain the actual steps to be fol- 
lowed in using the Y level, let Fig. 45 
represent a section of ground to be lev- 
elled. A, B, C, and D are the positions 
of the levelling staff, and a, 5, o, the dif- 
ferent positions of the level. 

First set the instrument, supposed ad- 
justed, at ay place the telescope in succes- 
sion over each pair of the levelling screws, 
bringing the bubble to the middle of the 
tube. The rod-man is sent to A, holding 
the staff vertically ; the telescope being 
turned upon him, and the glasses ad- 
justed to distinct vision. The observer 
finds that the vane is either too high or too 
low, and, by language or gestures, causes 
the rod-man to move it down or up, till 
its middle line is seen on the intersection 
of the spider lines. The middle of the 
vane is then on the same horizontal as 
Fig. 45. the line of collimation, and the reading 

of the rod gives the difference of level between the foot 

of the rod and the line of collimation. 

The rod-man reads the staff, or, if the graduation 

and figures can be distinguished by the observer, the 

latter reads and records it. The rod is now sent to B, 
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the telescope turned to it, and the vane adjusted, as 
in the previoiis case, and the level staff read. The 
difference of the readings, is the difference of appa- 
rent level of A and B. B is higher than A, since the 
foresight^ that is, the reading of the level staff at B, is 
less than the hackaigkt to A. It is to be observed 
that the height of the instrument is eliminated. 

The level is now taken up and moved to 5, where 
it is set up again, with the precautions observed at a* 
The backsight to B is taken, and then the/i/reaigfU to 
C. A similar process is repeated at Cy d^ e^f^ g^ 



LEVEL FIELD NOTES. 



Stations. 


Backstght& 

+ 


Foresights. 


Beduced Levels. 


a 

u 

r, 

Ac. 


F«at. 

7.46 
7.76 
5.10 


FMt. 

5.60 
3.36 

7.00 


F«et 

A and B + 1.85 
B and + 440 
C and D — 1.90 

A and D + 4.35 


20.30 


15.95 



The results of observation are usually recorded 
by the observer in tabulated form, the backsights in 
one column regarded as positive, the foresights, as 
negative. The final difference of level between the 
extreme positions of the rod-man, is obtained by add- 
ing the backsights and foresights separately, and 
taking the difference of their sums, as is evident from 
the figure. Since A A' + B B'''+ C C' diminished by 
B B' + C C' + D DMs equal to D o, which is the dif- 
ference of level of D and A. 

The figure is a profile of the ground, and the man- 
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iier of conrtructing points of the cnrre from the ob- 
eervations, is too obvious for explanatioii. 

The process of levelling is the same with the wateis 
level, and, indeed, the %are represents a level of this 
kind. 

If the stations a^ ft, and o are equally distant from 
the points A, B, C, etc, there is no correction for 
curvature; but when these distances are very unequal, 
and it is decided to correct for curvature, thej must 
be measured, to give K in the formula. 

The example we have taken ought to be sufficient 
to make evident all other applications, as there is no 
difference in principle. It is not necessary to place 
the level on the line between two stations; indeed, 
both stations may be on the same side of it. In this, 
as in all other cases, the difference of level is the dif- 
ference of the readings of the staff in its two positions ; 
and where there are a number of stations, the final dif- 
f<^ence of level is the sum of the partial differences, 
regard being paid to their signs whether positive or 
negative. 

The example we have given shows how profiles of 
ground may be eonstructed. When the differences 
of level are inconsiderable, in comparison wltii the 
horizontal distances, it is usual to use a larger scale 
for the form^" than fm* the latter. 

To find points of the ground on the leviel of the 
line of coUimation of the T spirit-level, «et the vane 
of the vod at the altitude of the latter, and find, by 
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trial, points where the middle line of the vane is seen 
on the intersection of the cross hairs of the telescope. 
By this means we may find different points belong- 
ing to any horizontal section. 
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CHAPTER VL 

DETAILED AOOOUST OF THE PROJECTION OF A SUBVET. 

The operations necessary for making an outline 
map, containing the projections only of the principal 
points, are as follows : 

1. The selection of the principal points. \ 

2. The selection and measurement of a base. 

3. The determination of the azimuth of one side of 
a triangle. 

4. Measurement of the angles and the solution of 
the triangles by trigonometrical rules. 

5. The plotting of the points on the map. 

The principal points should be selected, so as most 
nearly to conform to the conditions referred to in 
Chapter I. They should be well distributed over the 
area to be surveyed, and so situated as to insure tri- 
angles of favorable form. They may be either isolated 
trees, peaks, spires, chimneys; and, if no distinguish- 
ing feature characterizes a point which it is desirable 
to adopt, it may be marked by a signal. This may 
consist of a staff and flag. The distances between 
these points may be several miles in a survey of eight 
or ten miles in extent, but, as before stated, reference 
should be had to the instrument which is to be used 
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to measure the angles. These points should also be 
chosen in reference to the facility of determining the po- 
sitions of as many secondary points as possible; hence, 
they should be visible from the surrounding parts. 
Commanding points then would be advantageous. 

The base is chosen to fulfil the conditions enumer- 
ated in Chapter I. Its extremities are marked by sig- 
nals, unless there are natural points to mark them. 
When it is quite undulating, it should be staked out 
by the theodolite, to enable the chain-man to keep the 
alignment, and stakes also driven at every change of 
inclination. The measurement is usually made with 
the chain, although rods of wood or metal give better 
results. The chain should be compared with a stan- 
dard, to ascertain its exact length, and great care 
should be exercised in keeping the alignment and in 
stretching the chain. Any error in the base runs 
through all the triangles, since from it all the primary 
sides are determined. It is well to remeasnre it, if 
possible. The length of each subdivision of the base 
is noted separately, and its inclination also. The lat- 
ter is given immediately by the slope or mason's level. 
The Y spirit-level or water-level gives the difference 
of level in feet ; and if we conceive a right-angled tri- 
angle, of which the hypothenuse is the mdined, and 
the base the horizoTUal distance between the extremi- 
ties of the subdivision, and the altitude their differ- 
ence of level, it is evident that the natural sine of the 
inclination is equal to the difference of level divided 
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by the hypothennse, both expreased in fbet. The in- 
clination, then, may be taken from a table of natural 
Binea. Tlie horizontal projection of the inclined meas- 
ured distance is then obtained by the method of Chap- 
ter I. The same process is pursued in r^erence to 
each subdivision, and the sum of the reduced distances 
is the base which is used. 

The methods of determining the meridian or of ob- 
taining the azimuth of a station are given in die latter 
part of this chapter. 

Each station is visited in succession with the theodo- 
lite, and where it is possible to place the instrument 
in the same vertical line as the centre of the station 
or signal, it is done ; otherwise, each angle must be 
reduced to the centre of the station* For instance, if 
a house chimney be selected as one of the stations, it 
is impossible to establish the theodolite on it, hence 
it is set up in some suitable adjacent positioo. The 
angle measured from this position is erroneous, and 
must be corrected as follows : 

Reduction to the cewf/re of stoUion, — ^Let represent 
the projection of the centre of the station ; O, the cen- 
tre of the instrument ; and D and G, points to be ob- 
served. The angle measured is D O G, the angle 
required is D O G ; hence, it is necessary to calculate 
their difference. Measure the distance O C and the 
angle C O G = y. The angle M, being exterior, is 
equal toDOG + ODM=:DCG + OGO; 
whence D0G-DOG = ODM— OGO. 
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The BineB belAg proportional to the opposite sides, 

6in. G T 

sin. y "" Q 

sin. D r 
-; — 7T7Tt\='j ; whence 

r Bin. y 



Bin. G = 




sin. D = 



9 
r sin. COD w* 41 



d 

£) and O being very small, we maj neglect the differ- 
ence between them and their sines. 

x\nnL r\r\rL ^ »^"- COD r sin, y 

DCG— DOG = X-- — -. and 

in order to express the second member in minutes of 

arc, instead of units of length, we multiply it by Tjir^' 

-rx ^ ^ -rv ^ ^ ^ s5n« COD r sin. ^ 
hence, DCG— DOG= , . .; - ^ . ^, ; 
' a Bin. 1 y sm. V ' 

r and y are measured ; d and g known, more or less ac- 
curately, from calculation. For further information 
on this point, reference may be made to the example 
given subsequently. 

Calculation qf triangles. — These are resolved ac- 
cording to the ordinary trigonometrical rules. In each 
triangle, b^inniug with one in which the measured 
base is a side, we know one side and all the angles, 
and we readily obtain the remaiuing sides. If the 
sum of the three measured angles should differ from 
180®, one-third of the difference is to be applied to 
each angle, unless there is reason to suppose that ati 
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error has been committed in any particular angle, in 
which case the difference should be applied to it 
alone. This difference, however, should be very small, 
if we use a theodolite. 



To Ijocate or Plot the Points on the Hap. 

1. For the results of a reconnoissance, it is often 
sufficient to assume a line for the meridian, and to lay 
down the base by its azimuth, and proceed to deter- 
mine the vertices of the different triangles in siicces- 
sion by intersections. In this method, each point 
depending upon the position of a previous one not 
accurately determined, errors are apt to increase, as 
we go further from the base. 

2. The second method consists in using a system 
of co-ordinate axes, the origin of which is at one ex- 
tremity of the projection of the base. The axes con- 
sist of the projections of the meridian and a line per- 
pendicular to it. 

In Fig. 47, let A B represent the base; T T', the 
projection of the meridian and one of the co-ordi- 
nate axes ; and X Xf the other. The length of the 
base and the azimuth of A, which is the angle of 
A B Y, being known, we have for the co-ordinates 
of A, which are respectively a? = B P, and y = A P, 
B P = cosine of A B P x length of base, or, what is 
the same thing, B P = sin. A B Y x length of base. 
Similarly, A P = cosine A B Y x length of base. 
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To construct the projection of A, lay off from B, the 
co-ordinate a; = B P on the axis of X, and on the 
axis of T a distance, B H, equal to A P, and com- 
plete the rectangle, as represented by the dotted lines. 
Their intersection determines the desired point. A 
similar process determines the other points. 




rig. 47. 



It is important to pay attention to the signs of the 
co-ordinates. If x be assumed as positive for points 
to the east of the origin, it must be negative for all 
points to the west; and if y be positive for points 
north of the origin, it must be regarded as negative 
for points south of the origin. For instance, for the 
points A and D, the signs of x are different, while 
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those of y are the same. For A and L, the aignfi of 
m are the same, while thooe of y are different. 

The remaining part of this portion of the survey 
consists in determining the projections of the second- 
ary points, which, as has been abeady stated, is done 
mainly by intersections, and in filling in tiie details. 
To determine one point it is necessary to have two 
bearings taken from different stations. It is advan- 
tageous to take a third, as a test of accnracy. Such 
points as the following should be plotted from inter- 
sections, if possible, viz. : cross-roads, marked changes 
in direction of the roads, where they enter villages, 
woods, or marshes, where they cross rivers, bends in 
the rivers, erests of small hills, aome principal build- 
ings in the villages, farm-houses, ferry-houses, bridges, 
and generally any conspicuous point that is recogni- 
zable from different stations. When a sufficient num- 
ber of these have been fixed, so as to cover the ground 
well in every part of the survey, all is ready for 
sketching the details. The manner of accomplishing 
this is given in this chapter. In order to obtain the 
bearings to give the intersections above alluded to, 
the prinmry points may be occupied with a theodolite 
or eomptcss ; and if any important position has been 
overlooked, it may be assumed as a station, and be pro- 
jected from the bearings of two or three visible primary 
points. If but one primary point is visible, its bear- 
ing and distance are sufficient to project the point. 

Supplymg details by a Platie TMe. — ^The plane 
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table is put in position, in refer^ice to the principal 
points, by a compass. The sheet already contains the 
projections of the primary, and such secondary points 
as have been determined. Details are obtained, either 
by intersections or by measurements of distances. 
For the varioas applications that may occur, reference 
may be made to the description of the plane table. 
It is sufficient to state, that, if two known points are 
visible, the position of the observer may be obtained ; 
if no primary points are visible, his place may be 
obtained by measuring the distances to two known 
points. The measurement of distances is done in dif- 
ferent manners, depending upon the degree of accu* 
racy which it is necessary to obtain. For military 
purposes, pacing is generally applied. 

The points which it is well to occupy, as stations, 
with the plane table, are those just enumerated under 
the head of secondary points. They are all 'deter* 
mined by the methods just referred to. 

The directions of the roads, as they leave any sta- 
tion, are noted and drawn in projection by the hand. 
They are represented by two parallel lines, nearer or 
farther apart, aocording to .the character of the road. 
The width is exaggerated on the map, for effect; but it 
should be noted and recorded, to be mentioned in the 
memoir, if necessary. 

From each station we pace oS the distances to the 
siirrounding detsdls, take th^n off from the scale, and 
plot the points. 



1 
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For distant or inaccessible points, we sight them, 
and draw pencil-marks on that part of die sheet where 
thej are likely to fall ; and then we leave the station. 

We now proceed, say along the road several hun- 
dred paces, or to a point which it is desirable to occu- 
py as a station, and fill in by the eye the intervening 
details. To this end, we pace the distances to the 
points, from which we are able to fix the comers of 
hedges, woods, bend iii ri«ralets, etc. ; or, if the adja- 
cent stations of the plane table are within one hun- 
dred and fifty or two hundred yards, we may rely 
upon the eye alone and neglect the pacings. This, 
however, depends in some degree upon the skill of the 
sketcher. 

The same process is pursued at each station, until 
the whole area has been included. No station should 
be left until all surrounding features have been ob- 
tained, and intersections obtained on points sighted 
from previous stations. 

If, from any station, but a single point of the tri- 
angulation is visible, its direction should be drawn, 
for it serves to correct any error committed by inac- 
curate pacing; and generally, it may be said, no means 
of verification should be omitted. 

Villages. — Take station at one of the outlets ; fix it 
as before ; then proceed towards a spire or chimney 
which enters in the primary triangulation. Stop at 
each street comer; plot the streets, and fill in the de- 
tails of houses by the eye. Arrived at the primary 
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point, take a new direction and follow it till it leaves 
the village, and continne this process till the whole is 
completed. 

Water- CouTies. — ^It may be impossible to take sta- 
tion on a rivulet. When this is the case, follow a direc* 
tion near its course, and from each station sight the 
bends, if visible, or any distinguishing points, as blilffs, 
trees, etc., and fix them by intersections. Having de- 
termined a sufficient numbef, join them, and we have 
the rivulet. If the stream has breadth aj^reciable on 
the scale, it would be well to follow one of the banks, 
and intersect^ from different stations, any remarkable 
points on the other bank. If this is not practicable, 
pursue such a path as will enable you to intersect 
points on each bank. 

. Foreets, — Make a circuit of the forest, occupying, 
as stations, the salient and re-entering points, as well 
as those where roads, streams, or ravines emerge. Fix 
them, and fill in the intervening parts. Then follow 
one of the roads or ravines to a central known point, 
if there be any such, and from that take another 
direction. In general terms, conform to the mode of 
procedure laid down for villages. 

What has been said in reference to the surveys of 
villages, rivers, and forests, relates to the use of the 
plane table ; but the guiding principles are the same for 
the compass, and it will not be necessary to repeat it. 

The prismatic compass, although not so accurate as 

the plane table, is extremely serviceaUe, and permit^ 
6 
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rapid progress. The sketch which is made may either 
be connected or in parts, which are to be combined 
subsequently. Both are here described. 

A station is fixed by compass bearings to two or, 
better, three primary points, or by a bearing and a 
distance ; thus, if but few primary points are deter- 
mined, we have the means of fixing as many inter- 
vening points as may be desirable. 

In following a 
tortuous stream or 
road, the work may 
be expedited by 
using the compass 
only at alternate stations. For instance, let A B rep- 
resent a road starting from A, which, as well as B, 
has been determined from intersections ; we take the 
bearing of 1, and plot the direction. Pace the dis- 
tance to 1, and note it ; then proceed immediately to 2, 
pacing the latter interval ; at 2 take the bearing of 1, 
and also of the next station in advance ; lay off the 
distance from A to 1, from the scale on the first direc- 
tion plotted : this fixes 1 ; then from 1, plot the 
bearing of 1, as taken from 2 ; prolong the direction 
and lay off on it the distance 1.2. This gives 2, with- 
out occupying 1 as a station. 

In Fig. 49 is given a representation of the usual 
method of keeping the field-book. The measured 
distances are recorded between the two parallel lines. 
The total dist&nce between two stations is written 
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within a circumference traced about the position of 

the second station. Thns, in the figure, 650 is the 

distance between A and B. The bearing of the next 

station is recorded outside of 

these lines, with a line under 

it ; thus, 280° is the bearing of 

O from B. In marching from 

A towards B, at the distance of 

200, we cross a rivulet which 

comes from the left, and on the 

right, at the distance of 40, is 

the corner of a wall. Farther on, 

400, the wall comes up to the 

line A B. In a similar way we 

may sketch the hedge, wood, 

etc. 

This gives a series of detach- 
ed sketches, which are to be 
transferred to a general map 
afterwards. For determining 
each station, as B,0,etc., there 
are given a bearing and a dis- 
tance. The details on either 
side are transferred according 
to the scale. The bearings of more distant points 
taken from ABO, etc., are plotted, and the inter- 
sections fix the positions. 

If a connected sketch is desired, it is necessary to 
transfer to a sheet the positions of the primary points 




Flc. 49. 
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in the vicinitj of the ground to be sketched, and also 
any other points of importance whose positions have 
been determined. It is better to have as manj pointa 
as possible. Draw upon the map the magnetic me- 
ridian and the scale, and provide a protractor and 
compass. Distances may be taken with a chain or by 
pacing. Proceed from one of the primary points to 
any other known point, measuring or estimating dis- 
tances and filling in the details on either side, as in 
the last figure, and plotting all bearings taken, and so 
on, passing along such directions as enable one to 
work most rapidly. The method of intersections is 
used in connection with measurements. 

If the known points are quite distant, a mile or two 
from each other, there is great room {or the commia- 
. sion of error, particularly by an unskilful person. If, 
on the contrary, the points are near, we should feel 
more confidence in the work. Hence, after the loca- 
tion of the primary points, as many secondary points 
as possible should be plotted from intersections before 
the sketching of details, which we have just described , 
should be commenced. 

methods of determliilng tbe Azlmnth of a HUu 
tlon, or the Direction of the SKertdlan. 

We have seen that it is necessary to lay down tho 
meridian upon the map. The magnetic needle indi- 
cates the direction of the magnetic meridian, which 
flakes, with the tni^ meridian, an angle which variea 
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from hour to hoar, and from year to year, at the Bame 
place, and which generally changes from place to 
place. This angle is the variation of the compass. 




Fig. 60. 

The direction of the true meridian must be deter- 
mined from observation of some one of the heavenly 
bodies. Having laid down upon the map one of the 
lines of triangulation, we may draw the projection of 
the meridian, provided we know the angle between 
these two lines. For instance. Fig. 60, let A B rep- 
resent the projection of the base, and N S the pro- 
jection of the meridian. It is evident, if we know the 
angle NAB, that we may construct IT S* The angle 
made by a vertical plane through A B, with the me- 
ridian through A, is called the azimuth of B. N S 
may be constructed when either of the four angles 
marked in the figure is given. It then becomes ne- 
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cessary to define the azimuth of a station, bo that there 
shall be no ambiguity as to which of the four angles is 
referred to. It is usual to measure the azimuth froni 
the south point of the meridian round by the west, 
so that the azimuth of B is equal to 180° + N A B. 
The azimuth of C is 180°— N AC; of C, 360°— S A 0'- 
When this system is not applied, the azimuth should 
be designated, so as to avoid error. Thus we may see 
the azimuth of a station is north 50° east, or S. 20° west, 
which avoids ambiguity. 

There are both approximative and rigorous methods 
of determining azimuths, of which we now proceed to 
enumerate several : 

1. The sun is on the meridian when it attains the 
maximum altitude. Bodies then cast shadows of min- 
imum length, and if at this time we note the direction 
of the shadow of a vertical staff, this is the trace of 
the meridian on the ground. As the motion of the 
sun in altitude about this time is very slow, the 
changes in the length of the shadow will be found to 
be almost imperceptible for a few minutes, and as the 
direction of the shadow is changing all the time, we 
are left in doubt which to select. Hence this is a very 

, rude method, and is only mentioned to introduce an- 
other. Thrfee or four hours previous and subsequent 

} to noon, the sun's motion in altitude is comparatively 
rapid ; and if we mark the direction of the shadow 
when it has a given length in the morning, and again 
its direction when it has the same length in the after- 
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noon, and draw a line bisecting the angle between 
these two directions, it will represent the approximate 
projection of the meridian. 

Thus, O A being the shadow of a style in the 
morning, when it ter- 
minates on the circum- 
ference, and O D being 
its position when it has 
the same length in the 
afternoon, N S, bisect- 
ing the angle A O D, is 
the meridian trace. 

2. Another method is, 
to determine the trace of 
a vertical plane through 
the north star when it 
is on the meridian. It 
crosses the meridian at 
about the same time as 
a star, Alioth, easily re- 
cognizable, from Fig. 52, in the tail of the Great 
Bear. Then when this and the pole star are seen 
on the same vertical line, determined by a plumb- 
line, direct the telescope of a theodolite to the lat- 
ter star, making it appear on the intersection of the 
.cross wir^s. It will be necessary to place a faint 
light near the field glass, in order to illuminate the 
hairs. Clamp the instrument and let it remain till 
daylight, when the line may be staked oiU, if desira- 
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Fig. 58. 



ble, or the angle made with the other station may be 
measured. Indeed, by using lanterns as signals, 
^ the line may be established in the 

night. The angle jnst measured is 
the azimnth me^ored from the 

A better method is to use the 
north star, Polaris, when it is far- 
thest from the meridian, whether 
to the east or west, when it is said 
to be at its greatest elongation. 

The azimuth, A, of the star at 
this time measured from the north 
pole, is given by the formula : Sin. 

ftin "P 

A = -^T", in which P is the polar distance of the 

sm. L' ^ 

star, and L the complement of the latitude of the place 

of observation. The azi-^ 
muth applied to the hori- 
zontal angle between the 
star and the station gives 
the azimuth of the latter. 
To find the time of elon- 
gation, apply this rule. Add 
together the logarithmic tan- 
' gent of the polar distance of 
the star and tangent of the 
latitude, and from the tables 
p, ^ find the angle whose comie 
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is equal to the sum. Divide this angle by fifteen, and 
add the quotient to the star's right ascension, the re- 
sult is the sidereal time of the greatest western elon- 
gation : subtract for the time of greatest eastern elon- 
gation. A few minutes before this time arrives, with 
a theodolite, take the bearing of Polaris. A number 
of observations may be made, since the azimuth of the 
star is sensibly the same for some minutes. The star's 
polar distance and right ascension are found in the 
Nautical Almanac. This requires a chronometer, and 
a knowledge of the means of ascertaining its error in 
time, which is a problem in practical astronomy. 

The following tables give nearly the times of elon- 
gation for diffefent months in the year. The times 
are reckoned from mean noon, and suppose the watch 
of the observer to be without error : 



EASTERN ELONGATIONa 



Days. 


April. 


May. 


Jun«. 


July. 


Ancrnst 


S^t 




H. M. 


H. If. 


H. M. 


H. If. 


H. If. 


H. If. 


1 


18 18 


16 26 


14 24 


12 20 


10 16 


8 20 


7 


17 66 


16 03 


14 00 


11 55 


9 53 


7 58 


13 


17 34 


15 40 


13 35 


11 31 


9 30 


7 36 


19 


17 12 


15 17 


13 10 


11 07 


9 08 


7 15 


25 


16 49 


14 63 


12 45 


10 43 


8 45 


6 53 



WX8TXRV ELONQATIONS. 



DayBw 


Oet 


Nov. 


Dec 


Jan. 


Fob. 


March. 




R M. 


a M. 


H. M. 


H. M. 


H. M. 


H. M. 


1 


18 18 


16 22 


14 19 


12 02 


9 50 


8 01 


7 


17 56 


15 69 


13 53 


11 36 


9.26 


7 38 


13 


17 34 


15 35 


13 27 


11 10 


9 02 


7 16 


19 


17 12 


15 10 


13 00 


10 44 


8 39 


6 64 


25 


16 49 


14 45 


12 34 


10 18 


8 16 


6 33 
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The eloDgations are not given when they occur in 
daylight. Some of these tabulated times, however, 
occur before sunset or after sunrise, when the star is 
invisible through ordinary telescopes. By adding or 
subtracting five hours fifty-nine minutes to or from 
the tabulated times of elongation, we obtain the time 
that the star is on the meridian in the nighttime, when 
it can be observed. To repeat: When the time of 
elongation is nearly at hand, the theodolite is set up 
and prepared for observation. When the time arrives 
the star is made to appear on the intersection of the 
cross hairs, and the horizontal limb clamped. The 
instrument stands undisturbed till daylight, when the 
bearing of the star is read. The telescope is then di- 
rected to the station and the horizontal limb read 
again. The difference of the two readings applied to 

the azimuth of the star, calculated from the formula 
• "p 

sin. A = . * T > gives the azimuth of the station, 
sm. Lt 

To find the variation of the compass, take the mag- 
netic bearing of the station : the difference between it 
and the true bearing, obtained as above, is the varia- 
tion, and is east when the north end of the needle is 
to the east of the true meridian. 

At sea or on extended prairies, at the time of rising 
or setting of the sun, with the compass take the bear- 
ings of the two horizontal limbs : the half sum is the 
magnetic bearing of the centre. To determine the true 
bearing of the same point, we have the following rule: 
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Add to the sum of the complement of the latitude 
and the polar distance of the Bun, its zenith diBtance, 
assumed to be 90° 33' ST': call the sum 2?, the polar 
distance P, and the co-latitude L. Then add together 
the logarithmic sine of D, the sine of (D — P) ; from 
the result subtract the sum of the sines of 90° 33' 37", 
and of L; divide the remainder by two, and find from 
the tables the angle whose cosine is equal to the quo- 
tient; multiply this angle by two, for the true bearing 
of the sun reckoned from the north meridian, to the 
east at sunrise, to west at sunset. The difference be- 
tween this and the magnetic bearing of the centre, 
reckoned from the north magnetic meridian, is the 
variation of the compass. 
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CHAPTER Vn. 

▲OOOUNT OF THS STEPS PUBSUED IN THE BEPSE8ENTATION 

OF THE BELIEF. 

It has already been stated in chapter I. that, in or- 
der to obtain sufficient data for representing the relief 
of ground, it is usual first to determine, as accurately 
as possible, the elevations abovp some assumed plane 
of a number of points — as the crests and foot of the 
slope, the points where it changes inclination, etc., — 
and then to complete the details by determining the 
horizontal sections, by more or less precise methods, 
depending upon the degree of accuracy which it is 
desirable to attain. 

If we already know the altitudes of any prominent 
points above the level of the sea, starting from these 
we pass to elevations of other points above the same 
plane. If this is not the case, we may attribute to 
any point an arbitrary elevation, and deduce the alti- 
tudes of other points above the same plane. 

These points are used as bases for levelling purposes, 
and hence should be determined with the greatest at- 
tainable accuracy^ both in projection and elevation. 
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In order to show clearly how the difference of level 
may be obtained,* let ns refer to Fig. 54, where the 
altitude of A being 
known or assumed 
above the plane M 
N, it is required to 
find the altitude of B 
above the same plane. 

H represents the 
horizon, and Z the ze 
nith. The angle A is ^^ "• 

the zenith distance of the point B, as seen from C, 
which is the position of the theodolite, or other instnir 
ment used for the purpose. Let the angle A be 
measured, or its complement, the angle B C H, then 
from the right angled triangle we have 

B H=0 H tang. B II=C H cotang. : A 

BQ=BH+PC. 

PC=PA+AC. 

Hence the height of !B above the plane M N be- 
conoes known. 

If B' had been the required point, then, measuring 
the angle B' C H, we have : 

B' H=C H tang. B' C H=C H cotang. C B' H, 
and B' Q=0 P— B' H. Hence it is necessary to know 
the horizontal distance between the stations and the 
vertical angle to determine the difference of level. 

There are two corrections to be applied, however, 
when Ahe distance between the stations is considera- 
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ble. The first results from the cnrvature of the earth, 
and has abreadj been alluded to in the remarks on 
levelling ; it is proportional to the square of the hori- 
zontal distance between the stations directly and in- 
versely to the diameter of the earth ; or denoting by 
L the difference of level, E the horizontal distance, 
and hf the height of the instrument above the station, 
then the difference of level corrected for the curvature 
of the earth is for A and B. L=E cotang. A + A'+ 

K* 

—^y B representing the radius of the earth. 

The second is refraction, 
by virtue of which the 
object is seen above its 
true place. This correc- 
tion has been found to 
have an average value of 

Et 

0.08 -g , and is subtrac- 

tive. 

'*«• **• In Fig. 55 the horizon 

of the observer at A is the tangent A D, and the ob- 
ject B is seen, on acconnt of refraction, above its true 
place at some point, B'. Then the angle A is the ze- 
nith distance of B' and E cotang. Ais D B', where- 
as the difference of level of A and B is C D. To 
obtain it, then, we have C B=D B'+C D-B B'= 
observed difference of level + correction for curvature 
— correction for refraction, 
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L=K cotang. A + A' + ^ — 0.08^'=:K cotang. A 

+ A'+.42 jr- (1) h' 18 positive when the instrument is 

above the station, and A is less than 90**; if A is greater 
than 90® h! is negative, and if the instrument is below, 
the station A' is negative when A is less than 90® and 
positive when greater. 

OOBSECnONB lOB OUBYATUBS AXD BKnUOnOH, HT OBTAOnVO TBI 
DIFrBBBNCX OF UVBL BETWEEN STATIONS, DISTANT FBOM ONB HUV- 
DBED TABD6 TO THBEB MTT.gg 



1! 


Coireetloii Is feet 


For eorTBtore. 


FornfraetloD. 


For both earratiiro 
and reltaotton. 


100 

150 

200 

300 

500 

660 

880 

1320 

1760 

2640 

3520 

4400 

5280 


0.00215 

0.00484 

0.00861 

0.01938 

0.05383 

0.09098 

0.1668 

0.3752 

0.6670 

1.5008 

2.6680 

4.1688 

6.0030 


0.00031 

0.00069 

0.00123 

0.00227 

0.00769 

0.01300 

0.0238 

0.0536 

0.0953 

0.2144 

0.3811 

0.5955 

0.8661 


0.00184 

0.00415 

0.00738 

0.01661 

0.04614 

0.07798 

0.14300 

0.32160 

0.6717 

1.2864 

2.2869 

3.6733 

6.1469 



A close approximation for curvature is given by 

the formula -^j K being the distance between the 

x> 

stations in miles. 

The corrections above tabulated for ordinary prac- 
tice in topography, are less than the probable errors 
of observations, and may be neglected. The table en- 
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ables everj one to proceed intelligently, and if these 
corrections are not made the officer is at least aware 
of the amount of error thus committed. He should 
always apply them, however, when he is in search of 
accuracy with the best instruments. 

The diflference of level K of the instrument and the 
station may be measured directly when it is practica- 
ble, or by a trigonometrical process when direct meas- 
urement is impracticable. 

In Fig. 57 we select the points T, G, F, D, and I, 
assigning an arbitrary height to the steeple T, in 
which there happens to be a window some feet below 
the cross, which is the point observed. This height 
is measured, and the zenith distance of G is taken, 
which is the upper point of a chimney of a manufactory. 
It is to be understood that the altitude or depression 
may be taken instead of the zenith distance. Then 
going to G, we sight I and F ; then occupying F, 
sight G, D, arid I. From D we observe the vertical 
angles for F, T, and I. Finally, occupying I, we do 
the same for F and D. This method affords contin- 
nal verification, and, as a test, we may conclude the 
height of T from that of D. 

Applying the data just obtained in the formula (1), 
we deduce the respective differences of level between 
the assumed points. 

We are now prepared to obtain the elevations of 
the important points of the ground, and for this pur- 
posoj dispensing with the corrections for refraction and 
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cnrvatnre, a§ onr dietancee do not exceed 1,200 or 
1,800 yards, the formala becomes L=:K cotang. A + A'. 



This value of L applied to tLe height of the Btation hy 
snhtraction when the station is above the point, and by 
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addition when below, gives the altitnde of the point 
above the assumed plane. 

As already stated, the points whose altitudes it is 
important to obtain, are situated on the water sheds or 
divides, and on the lines of water descent, or lines of 
reunion of the water, — the beginnings, endings, and 
points of change of inclination. As many of these 
points have not been fixed in the survey, it becomes 
necessary to measure their azimuths, as well as to take 
their zenith distances or altitudes. To A' we may as- 
sign a value which will be sensibly constant, being the 
height of the instrument above the ground, noting, 
however, any change in its value that may occur. 

If the points are accessible, they are occupied as 
stations; if not, they are determined by intersec- 
tions. 

Let B be the first station occupied. This point 
having been already fixed in horizontal projection, it 
is only necessary to take the zenith distances of two 
stations, I and G, whose altitudes have been obtained ; 
at the same time take the zenith distances of S, 2, 3, 
and 10, Fig. 66. . Then proceed to 4, from which we 
take the azimuth and zenith distances of T and G, 
which enable us to fix 4: both in altitude and horizontal 
projection ; then we sight 3, 5, 6, S, P, R. From 7 
we take the zenith distances or altitudes of I and G, 
and the azimuth of P, and then the azimuth and ze- 
nith distances of 5, 6, 8, 9, and 10. 

Proceeding thus from point to point, we may obtain 
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the necessary observations, which are arranged 
tabular form, as follows : 



BB0I8TEB Of LKVXLLINa OBSnYATIONB. 



Stationa. 


PoiAto 
Obsenred. 


^««^ 5^.s: 


Amtadea. 


Haffhta. 


a 


T. 
G. 
2. 
8. 
10. 










4. 


T. 
G. 
3. 

6. etc. 











The first three colnmns and the fifth are filled in on 
the ground. Afterwards, by the azimuths, the projec- 
tions of the points are fixed on the map, and the dis- 
tance taken from it and applied to the scale gives the 
data to fill the fourth. 

Each point is, by these observations, determined 
twice, which insures accuracy and detects any errors. 
The two determinations should agree nearly. 

This having been done, we take the map on the 
ground, for the purpose of sketching in the forms of the 
ground by the eye; or, in other words, to fill in hori- 
zontal curves, or to draw hachures to represent, in a 
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general way, the forms of the gronnd and the rriative 
inclinations of the slopes. 

To this end, we take positions on the water-sheds, 
and on the lines of reunion of the waters ; in the first 
case the horizontals are convex, in the second coneaye. 
Without reference to equidistance, draw the curves or 
hachures, crowding the former together, or making 
the latter heavier when the slope becomes steeper, and 
acting inversely when the inclination becomes jnore 
gentle. These curves and hachures are provision- 
al, and only intended to subserve a temporary pur- 
pose, and this being done, it is time to perform the 
final details. 

From Fig. 56 it may be seen that the points whose 
altitudes we have determined are so distant from each 
other, that the lines obtained by joining them two and 
two do not lie throughout their length on the ground : 
hence we are not able to apply geometrical processes 
without the determination of other points ; but we may 
apply an approximate method, which is generally suf- 
ficiently accurate for ordinary military surveys. 

Join the known points on the same slope which 
gives profiles of the ground, and take the case of 14, 
15, supposing the equidistance of the horizontal cut- 
ting planes to be ten yards. 

m 

The curve next above 14 is to have an altitude of 
80. Draw it, by the eye, at a distance greater or less 
from 14, according as the provisional hachnres or 
curves indicate a gentle or steeper slope. In a similar 
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way find the point of the curve 160, which is first be- 
low 15. We have yet to determine points on the 
carves whose altitudes are multiples of 10, between 80 
and 160. If the provisional hachures are of equal 
lengths, the slope is unitorm, and we divide the space 
from 80 to 160 into eight equal parts, and each point 
of division is a point of one of the required curves. 
When the hachures are shorter on one part of the pro* 
file than on another, we crowd the points of division 
together where the hachures are shortest. Taking 
up the other profiles in the same way, we determine 
other points, and then join the points of equal altitudes 
by carves, giving them the inflexion observed upon 
the ground, and represented on the map by the forms 
of the provisional carves, or the disposition of the ha* 
chures. The inflexions give an idea of the forms of 
the ground, and their proximity of the steepness. 

This method is followed in the military schools in 
France, and is well adapted to cultivate that topo- 
graphical coup cPceil so important in duties of this 
character. 

For an outline of a more accurate method, the 
reader is referred to chapter I. 

With a spirit-level or water-level it is easy to trace, 
the curves upon the ground. For this purpose clamp 
the vane on the level-staff, at a height just equal to 
the altitude of the line of sight above the ground ; then 
send a man with it, and, by trial, let him find points* 
where the middle of the vane is seen on the cross- 
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hairs ; plaut fitakes at these points, which are evidently 
points of the horizontal curves. To find points of the 
carve one yard above, slide the vane down on the 
staff that distance, and, as before, determine points bj 
trial. These points may easily be fixed by the com- 
pass or plane table in horizontal projection. 

It has been supposed that the zenith distances or 
altitudes have been measured with a theodolite, or any 
instrument with a vertical graduated limb ; while in 
surveys in the field, or any that it is essential to com- 
plete very quickly, we would use some one of the 
simpler instruments described in Chapter V, which 
give the tangent of the angle of elevation or depres- 
sion directly, instead of the angle itself. The differ- 
ence of level between two stations, in that case, would 
be the product of the horizontal distance between 
them by the measured tangent, this to be corrected 
for the height of the eye of the observer above the 
ground. 
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CHAPTER VIIL 



AK EXAMPLE. 



To illastrate the preceding principles, let it be 
supposed that Fig. 57 represents a plan of the survey. 
A reconnoissance of the ground indicates A 6 as a fa- 
vorable base line, easily measured, and giving imme- 
diately, eligible triangles A B T, A B H, A B F, A B 
E. These points, E, F, T, H, and the vertices of the 
other triangles, are selected as principal points. They 
are well distributed over the ground, permit the em- 
ployment of triangles of favorable form, and are points 
from which a good view of other stations and of all 
ms^ked points in their neighborhood can be obtained. 
In order to decide upon these points, the officer visits 
them separately with a pocket sextant or compass, 
and from each takes the bearing of every other visible 
principal point. He may, if in doubt as to the pro- 
priety of adopting them, make a preliminary sketch. 
For this purpose, according to any suitable scale, he 
lays down upon the paper the base line A B, already 
measured ; and having taken the magnetic bearing of 
B from A, he corrects it for the variation of the com- 
pass, and through A, by means of a protractor, lays off 
t^ meridian, making with A P the true bearing of 
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B. Taking the Ijearing of H, F, T, E, from A, and 
then from B taking the bearings of the same points, 
he IB able to pTot these points by intersections, and, by 
a protractor, measure the angles of the triangles A B 
H, etc., or, indeeil, obtain them by taking the dif- 
ference of their magnetic bearings. By plotting them, 
however, he may, by taking off in dividers the dis- 
tance A H, etc., from the paper, and applying it to 
his scale of equal parts, find approximate values for 
the sides of the triangles. 

If any primary point, as L, should not be marked 
by any distinguishing feature, as a tree or chimney, 
ete., ho erects there a station or flag pole. 

He embodies the results of his observations in a 
table of this form : 



BUUon& 



A, Pine-tree at wes- 
tern extrendtf of 
base. 



B, Eastern extremity of 
base, marked by a 
pyramidal station. 

H, Flag-pole on top 
of a conical hilL 

P, A steeple of a 
church. 



Fnts 

ObM'd 


Magnetic 
BearixMdk 


B 

H 

T 

etc. 


S73' E 
N79 30' E 

N47* E 


A 
H 
T 


N73^ W 
JS W 30' E 


A 
B 
P 


S79*30'W 
S24"30'W 
N33** W 



Length of 
Sidea 



A B= 1248.5 
AH=U70 
AT=1137 
AF=1025 

BH=1165 
B T=1317 



HP=1289 

H 0=1697 

etc. 



SttDflrka 



Each station having 
useful bearings take^ 



been occupied, and from it the 
and recorded, and the approxi- 
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mate positions of the primary points laid upon the 
sketch, it is found that the points have been jndi- 
cioujsly selected. 

The base is carefully measured and remeasured by 
the chain, or, for greater accuracy, by other processes, 
which it is scarcely necessary to describe here, since 
the chain generally subserves military purposes suffi- 
ciently well. For this purpose, as previously stated, 
the different points of change of slope are marked by 
stakes, and the inclinations and lengths of the slopes 
measured by the chain and level, in conformity to 
principles laid down on page 16. Each of these 
lengths is reduced to the horizon, and the sum is the 
horizontal projection of A B. 

We are now prepared to measure the angles. 
For this purpose, supposing the theodolite to be the 
measuring instrument, we set it up, adjust, and level 
it at B. The telescope is successively directed to each 
of the visible stations, and for each, the verniers of 
the horizontal and vertical limbs are read, and the 
angle recorded in tabular form as above. 

By any of the methods for that purpose, the reading 
of the i^orth meridian on the horizontal limb is ascer- 
tained, and the difference between this and the read- 
ing of A gives the azimuth of A, estimated from the 
north to the west. Let us suppose that difference to 
be 67° 25'; then, by referring to the compass bearing of 
A from B, we find it to be N. 73 W.; hence the varia- 
tion of the tjompass is 73^-67° 26'— 5° 35', and is 
7 • 
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east, since the north end of the needle is east of the 
true meridian. 

The vertical readings give the angles of elevation 
or depression of the diiferent stations as seen from B, 
and serve to determine the difference of level of the 
primary points. 

The difference between the instrumental readings 
of horizontal limb, when the telescope is directed to A 
and to H, is the angle A B H ; between those of H 
and F is the angle H B F, and so on for all similar 
cases. 

Having completed the observations at B, the theodo- 
lite is taken np and carried to A, which is a pine-tree, 
so that it is impossible to set it np exactly at the sta- 
tion, but an eligible position. A', is fonnd for it, from 
which all the primary points connected with A are 
visible, distant from A 9.4 yards. We will now give 
the calculation to reduce the measured angle, B A' T, 
to the centre of the station, or, in other words, ascer- 
tain what the angle BAT would be, if it were possi- 
ble to mount the theodolite over the centre of A. 
Fot this purpose the formula, page 115, is A — A' = 

. (B A^ T + A A^ T) AA^ sin. A A^T . 
AA,sm. ^g g.^ y, ""AT, sin. 1" ' 

and our data are B A' T, measured by the theodolite, 

— 64^ 12', and A A' T, measured by the theodolite, 

— 57' 29'. A A' calculated. 

A T and A B, taken from the table of distanceSi 
given above, are respectively 1,137 and 1,248.6 yds. 
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Then for the first term we hare, 

Log. of A A' 9.4 0.9731279 

Log. sin. of (B A' T + A A' T)— 121° 41' 9.9299112 

L<^.ofAB 1248.6 JL.<7. 6.9036115 

Log. sin. of 1" X a . 6.3144251 

Log. 1321".6 3.1210757 

For the calculation of the second term, 
Log. of A A' 9.4 ....... . 0.9731279 

Log. sin. of A A' T 57° 29' 9.9259487 

Log. of AT 1137 A.C. 6.9442396 

Log. sin. V A.C. 5.8144251 

Log. 1488" 3.1577412 

Hence A- A'=t 1321".5 - 1488" = -116".6 = - 
1'56"5 and A = 64° 12' - 1'56"5 = 64° 10' 03"5. 

Whether the operation is to be performed, or 
whether the angle at the assumed point near the sta- 
tion is to be taken as the true angle at the station, 
depends npon the accnracy which it is expected to 
attain, and the distance from the statioii of the point 
assumed, as compared with the length of the sides of 
' the primary triangulation. 

The theodolite measuring horizontal angles, there 
/ is no <3orrection for redtiefion to the horizon to be ap- 
plied to them. 

In the same manner the angles at each station are 
measured, and the triangulation is completed. 

As stated in chapter I., we r^ard the extent of the 
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Burvej as plane ; hence the triangles are plane, and 
the snm of the angles in each should be equal to 180®. 
If the work has been well done the difference will be 
slight, and unless there is reason to suppose the exist- 
ence of error at any particular station, the difference 
between their sum and 180® is distributed equally 
among the angles, so as to make their corrected sum 
180^ 

We are now prepared to calculate the triangles, and 
to illustrate the process we will take the first one, 
ABT. 

It is to be remarked, that these angles and sides have 
been assumed, to illustrate the application of principles, 
and have not been obtained from actual observation. 

Angle BAT, 64® 10' 
Angle B T A, 58® 45' 
Angle ABT, 57® 05' 
Side A B, 1248.5 yds. 

The relation between the sides and the sines of the 
opposite angles gives: 

Log. sine T 58® 45' .4 C' . . . . 0.0680787 
Log. sine A 64^0' .... 9.9542741 
Log. A B 1248.5 3.0963885 

Log. BT 1314.5 3.1187413 

A similar computation gives the value of A T, and 
in each of the subsequent triangles there will be 
known, as we progress, one side, and all the angles 
from which the remaining sides result. These may be 
tabulated under a form like the following : 



N 



mUTAST STTBTSTraO. 
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Triftnglea. 


BedQoed AngleSb 


Length of Sldtti. 




( B A D = 640 10' 


A B = 1248.6 


ABT 


^ B T A =58^ 45' 


B T = 1314.6 




( A B T = SI** 06' 


AT = 




(ABH = 


BH = 


ABH 


^B AH = 


AH = 




(AHB = 





Having in this manner found all the angles and 
sides as well as the azimnth of one, we are prepared 
to lay down the principal points on the map. Then 
through B draw a line to represent the meridian, and 
another at right angles to it. The azimuth of A from 
B, measured from the north to west, we have found to 
be 67° 25', and the length of A B 1248.5 : the co-ordi- 
nates of A then are — 

N. 1248.5 X cosine 67° 25' 
W.=1248.5 X sine 67° 25'. 

Then, laying off from B towards the north a distance 
equal the first co-ordinate, and on the other co-ordi- 
nate axis a distance to the west equal to the other, 
and drawing through these points lines respectively 
parallel to the axes forming a rectangle, the intersection 
of these lines is the projection on the paper of A. A 
precisely similar course gives the co-ordinates all the 
principal points connected with B. For the co-ordi- 
nates of H, we have 

N=B H X cosine 30° 05' (N B H) 
E=B H X sine SO'' 05'. 

The co-ordinates of O we obtain by adding to the 
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co-ordinates of H those of O in reference to H. Thus, 

for O we have 

N=B H X cosine 30« 05' + H O x cosine of azimuth of 

O from H. 
E=B H X sine 30** 05'+H O x sine of azimuth of O 

from H. 
These elements should be recorded in tabular 
form. Then we may regard the principal points as 
plotted, and we have a configuration represented in Fig. 

T\g,CS, 
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58, where the stations are designated by the small 
letters. 

In order to avoid confusion, no mention has been 
made of the bearings taken from each of the stations 
to other features. Thus, from B may be seen a num- 
ber of points on the banks of the river, easily recog- 
nizable, as the bends, a remarkable tree, also a number 
of cross-roads. These are sighted and their instru- 
mental bearings recorded. From A some of the same 
points are visible ; their readings are taken and re- 
corded. F gives a new series, and so on for each of 
the stations. These give rise to a multitude of inter- 
sections, fixing the positions of the secondary points, 
and the same point is capable of being determined by 
more than one intersection generally. 

Should there be any point from which only one 
primary station is visible, we determine it by taking 
the bearing and measuring the distance of the station, 
and the same plan may be followed for the details 
which adjoin any determined point. 

Having fixed a cross-road with the compass, take 
the bearings of the branches as they radiate from this 
point, and plot them on the sheet. 

Thus as many points are determined as the officer 
may choose, and the details about each are obtained. 

The manner of obtaining the details has already 
been fully explained and needs no repetition. 

The diflferences of level are also to be obtained, and, 
for the purpose of applying the formula, we will take 
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a single case. Let us suppose that, at the banning, 
the height of each of the principal points is nnl:nown. 
We assign to the clock-tower M, which is 4.3 below 
the cross, an arbitrary height of 130. With the 
theodolite we have measured the depression of D 
below M, = 9' 10'' ; hence A is equal to 90** 09' 
10"; K=1237; A=-4.3. 

Log. K = 3.09237 

Log. cot A = 7.42657 
= -3*.3 0.51894 

A=-4.8 

7 .6 Assumed height of M 130. 

+.42^ Ol 

130.10 
->7.60 
Height of D = 122.6 
In the same way the altitudes of each of the points 
may be obtained. The details of levelling and loca- 
tion of the horizontal sections are completed by the 
means previously described. 
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CHAPTER IX. 

IBSEGULAB SUBYETINO. 

Tms branch of the subject relates to reconnoissances 
which it is necessary to execute very rapidly, either 
on account of the proximity of the enemy or from 
some other cause, and with special instruments, or 
frequently without any. It is needless to insist upon 
the utility of such surveys ; it is sufficient to remark 
that they serve to regulate the march of troops, suffice 
for the selection and location of camps, field fortifica- 
tions, the passages of rivers, etc. 

These reconnoissances may be regarded as composed 
of two parts : 1. The topographical, to represent clearly 
details that a general map never affords ; 2. Statistic 
and military memoirs. As td the latter, what is said 
elsewhere as to their preparation is general and ap- 
plies to this case. 

These rapid and irregular surveys having for their 
object to represent the natural and artificial features 
of the country, with the maximum exactitude consist- 
ent with the rapidity of their execution, it is evident 
that they are based upon the same principles as more 
elaborate operations. The diflference between them 
consists in the use of more portable and less bulky 
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instminents, in the substitution of pacing for the use 
of the chain — ^indeed, in the estimation of distances 
and details by the eye in many cases. It is then 
necessary to have had considerable experience in regu- 
lar surveys in order to know the most simple mode 
of procedure, and to estimate the errors necessarily 
introduced. 

The survey is commenced by the determination of 
the principal points by triangulation, to which details 
are afterwards referred. All, then, reduces to the 
measurement of angles and a base. This base may 
sometimes be taken from a general map, or obtained 
by the chain, or measuring hjpacinff. 

When it is to be measured it is selected, if possible, 
on a high, open, level plain, where it is easy to meas- 
ure it, so that ffom its extremities a large extent of 
ground may be seen. Then, by the smallest possible 
number of triangles, we pass to two points, occupying 
a central position and susceptible of serving as sta- 
tions; from these stations we sight all the points that 
are of importance in fixing the details, the lines of 
sight intersecting on these points. Thus the number 
of triangles is increased, and their sides become shorter 
and shorter. These, in their turn, serve to determine a 
crowd of other points, and adjacent details may be 
easily filled in by the eye, or by pacing, without great 
errors. 

The secondary points and the details should be 
almost entirely determined by intersections of lines 
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plotted from bearings. If the use of the chain over 
long difitances affects a survey with.considerable error, 
it may readily be conceived that they would become 
very great were all points to be fixed by measure- 
ments not more exact than are obtained by pacing, 
by the use of stadia or by estimation. 

Still, measurements by pacing or otherwise are not 
to be entirely discarded ; a distance and a bearing to a 
station are su£Scient to determine a point. In some 
xBases no alternative is possible, and we are compelled 
to plot from measured distances. 

The officer starting from a station, determined as 
prescribed above, walks along the side of one of the 
triangles and sketches, by the eye or by pacing, all the 
details to his right or left ; or, if preferable, he may 
take any other direction, making an angle with one 
of the sides, which angle is to be measured and plotted 
immediately. Thus he fills in very quickly the area 
of the triangle. This method applies to all descrip- 
tions of country ; if open, it is of easy application ; in 
thickly wooded localities it is more difficult ; but the 
method of measuring distances to every point should 
only be resorted to in the last extremity. 

When the country is open, and the officer has men 
and time at his disposal, he may cause to be signalled, 
or marked, trees remarkable for their position or ele- 
vation ; then, by getting as far above the ground as 
he can, he determines each of the points which are to 
serve as stations and centres for the determination of 
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details, tip to the middle point of the interval to the 
adjoining stations. 

An elevation of three or fonr feet increases consider- 
ably the field of view, so that it may sometimes be 
advantageous to make observations from the saddle, 
for which purpose an instrument must be used which 
does not require a fixed support, such as the pocket 
sextant or prismatic compass. He will probably 
experience considerable difficulty in recognizing an 
object seen from different points of view and in differ- 
ent lights. He makes use of every thing to guide him, 
the form or color of the top of a tree, a point of rocks, 
a chimney, or even the smoke from it, if the chimney 
should cease to be visible. The time taken to fix well 
a good station^ cannot be considered as lost : it will 
be regained and compensated for by the rapidity with 
which he obtains the details in the interior of the tri- 
angles, and the certainty that he will have that his 
errors will be small and promptly rectified, from the 
frequency with which he encounters known points. 
Indeed, there may be economy of time, because he 
will sketch with the certainty that he will not be 
obliged to return to what was previously done, whereas 
by the method of measuring the distance of each 
point, he never draws a line but with the fear that he 
will be obliged to efface it to correct it, so that his 
work will be more quickly and more neatly done. 

The country, however, may be of such a character 
that it is not possible to work otherwise than by meas- 
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urement of distances, with the disadvantagefl of but 
few and widely separated known points. The labor 
then becomes painful and tedioos. It then becomes 
necessary to determine, with all possible care, the 
directions pursued, and their intersections, and to make 
continually excursions to the right and left, thus pro- 
ceeding by a series of partial reconnoissances. 

The French prefer the plane table for determination 
of points by intersections, as indeed generally in to- 
pography,' both for accuracy and expedition. For 
this irregular purpose several authorities recommend 
the portable form described on page 84. It may be 
held in either hand, with a single staff for a support, 
elevating and depressing it alternately to point it, and 
the attached compass read. 

Without a compass, the plane table may be approxi- 
mately put in position, by fixing in it a needle up- 
right, the shadows of which have been previously 
traced for every hour in the day. Then, to put it in 
position at any station, observe the time by a watch, 
and turn the instrument until the shadow of the needle 
corresponds to the time of day. This would not an- 
swer for regular topography ; and is only practicable 
when the sun shines. 

When an officer has no instruments, he can con- 
Btmct rude ones, which may serve a good purpose in 
measurement of angles. A protractor, the legs of a 
pair of dividers, a variable length held at a constant 
distance from the eye, for instance, at arm's length. 
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as described on page 87, or a triangle, the base a rule, 
and the oth^ two sides of a thread, its extremities 
attached to the ends of the rule, which, being bent at 
different points, gives different angles between its 
branches. Take a sheet of paper, fold it into two 
parts, then doable it again along the folded edge as 
though to divide it into four equal parts. The angle 
between the edge of the first fold and that of the 
second is assumed as a right angle. Cut off one of 
the pieces carefully along the fold, double this at the 
angle, so that the edges accurately coincide, we obtain 
46^, and by successive bisections smaller angles. 
Then, marking along the folds with a pencil and num- 
bering the angles, we have a protractor, either to plot 
or to measure angles. 

Attaching a light plummet to the angular point, we 
may adapt it to the measurement of vertical angles, 
holding it vertically with the angular point from the 
eye when the object is above the horizon, and towards 
the eye when it is below. 

For distances which we cannot pass over we may 
use the telescopic stadia, previously described, without 
the staff, which is replaced by a local object, sudi as 
a tree of a kind which has nearly a uniform height, a 
window, a cabin, man or animal, or any other object 
to which we can assign a height more or less conform- 
able to the truth. 

For other methods of rude approximation refer to 
Chapter IV., on Distances. 
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Vertical Measurements. — ^The elevations of different 
points are at least as important on some accounts as 
their projections, and are determined by a base and 
the angle of inclination, except when the eye may be 
trusted, and the foriner method may be used in con- 
nection with the latter. 

After measuring an inclination, the height may be 
obtained by use of a triangular scale of the form of 
Fig. 41, where the base represents the trigonometrical 
base according to the scale ; from the angular point N 
lines are drawn, making with the base, respectively, 
angles of 5°, 10^, 15°, etc. The perpendiculars 
through the points of division of the base complete a 
series of similar right-angled triangles, of which the 
altitudes multiplied by the denominator of the scale, 

by 10.000, if the scale be , give the differences 

•^ ' 10.000' ^ 

of level. 

For further methods and instruments we may refer 
to Captain Livet's level, and Bemier's clisimeter, and 
Burel's reflecting level. 

Sketch hy ike Eye. — ^It is often necessary to make a 
sketch of ground in the presence of the enemy. Here 
every thing is sacrificed to celerity. The officer is 
thrown upon his own resources, and has no longer 
even the simplest instruments. Hence, success de- 
pends upon rapidity and accuracy of coup cPc&U^ and 
here will be felt, in a marked degree, the value of ex- 
perience. The less the officer is able to count upon 
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the exactnesB of his operations in fixing details, the 
more nearlj should he conform to the order of proce- 
dure in other cases. He shoald, as before, form large 
triangles, the areas of which are to be filled in with 
details sketched in from each station. A little expe- 
rience enables one to obtain considerable accuracy, bj 
the following means : Having provided a light board 
or portfolio, with the paper stretched, lay down the 
base on it, according to the scale adopted. Then take 
post at one extremity of the base, and set up a needle 
on its projection. Hold the board horizontally in the 
left hand at the height of the eye, so that, looking 
along the line, we see the other extremity of the base, 
then the line is in the vertical plane of the base, and 
the board is in position. Move the eye so that the 
needle is seen projected on a point which it is desira- 
ble to fix, and, with a pencil in the right hand, draw 
a line from the pin towards the point, and in the same 
way sight other points. Then go to the other ex- 
tremity of the base, and place the projection of the base 
in the vertical plane through the base, then the board 
is in position ; and then sight the points seen from 
the first station, and draw lines as before ; their respec- 
tive intersections are the points required. The needle, 
of course, is shifted to the projection of the second 
station. The board is evidently applied as a plane 
table. 

As for the relative heights of different points, the 
eye must be trusted, as well as for the character of 
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the different slopes. A straight rule, suspended by 
its centre of gravity, will be horizontal ; and the eye, 
looking along it, will be able to ascertain what points 
are above, and what below the plane of his horizon, 
and the difference of level he should be able to esti- 
mate rudely. 

It may be that the officer has not even time for 
these simple processes — that, indeed, he cannot halt at 

all ; in such cases his sketch is made after his return. 
No precepts can be laid down for this case. The offi- 
cer should be familiar with the forms assumed by 
different kinds of country, so that he may be able to 
make fair inferences in reference to points which are 
masked, from those which he is able to see ; of course, 
he sees all that he can ; measures distances between the 
most important points by the time required to pass 
over them — ^the direction of streams, ravines, etc., — 
the slopes and elevations, kind of houses, etc. 

Sketch made from, verbal information from spiea^ 
or i/nhahitaaUa of the country : 

For instance, if an officer be ordered to conduct 
a detachment to a portion of the field of opera- 
tions, of which no maps have ever been prepared, he 
first endeavors to obtain a definite conception of the 
character of the country, its roads, villages, farm- 
houses, etc ; for this purpose he interrogates spies, 
refugees, or others, who are familiar with it, and, 
after careful comparison of their answers, draws his 
inferences. It often requires tact to discover how much 
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reliance is to be placed in the various acconnts. Some 
know more, and others less, than they pretend — the 
occupations of different persons lead them to take par- 
ticular notice of different features. These hints are 
necessarily of a very general character. It is gener- 
ally advantageous to make a sketch of the country in 
the presence of, and from the information of, the per- 
son or persons interrogated, and to mark upon it the 
distance between the remarkable points in time. 

Even in this case it is often wise to have a system 
of triangulation of the principal points, laying them 
down by their conjectured distances apart, and using 
them as points of reference to determine the positions 
of farm-houses, bridges, cross-roads, etc. 

It will be perceived that the spirit of the method is 
the same in all cases, whether it is a river, a road, or 
a position which is to be reconnoitred ; whether it is 
to be thoroughly surveyed, or whether the work is to 
be done rapidly, the principles are the same in all. In 
the last-mentioned case, it is necessary to sacrifice some 
details to others and to celerity; and the points that 
deserve especial notice are determined by the instruc- 
tions of the general and an acquaintance with the op- 
erations of war. 

Itineraries. — These are special affairs intended to 
regulate the march and halting places of convoys, 
supply or emigrant trains. For these purposes it is 
exceedingly important to obtain reliable estimates of 
the resources of the country as to forage, provisions, 
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the camping-places, the quantity and quality of grasB 
and water. It is more important, too, to have the 
distances between camping-places given in time than 
in miles. A table embodying these data, and others 
giving the facility of the roads, fords, etc., is an itin- 
erary of the route, though it is usually accompanied 
by a map of the road and its vicinity. On the man- 
ner of making this, little can be added to what has 
gone before. 

Distances are obtained by pacing, by the rate of 
travel of your horse, or, if you have a wagon, strap an 
odometer to one of the wheels. At the starting-point 
take the bearing of the direction of the road and of 
any objects, such as peculiar peaks, well-marked trees, 
houses, etc., which it may be desirable to include in 
the sketch, and read the odometer. When the road 
changes direction, take another bearing, and the dis- 
tance ; and, indeed, do the latter for all important 
points, such as where the road crosses a stream, where 
it commences a remarkable ascent or descent. The 
surrounding details are sketched, as the officer pro- 
ceeds. The manner of doing this has been described. 
The note-book is kept in the form of Fig. 49. At the 
conclusion of each day's march, the partial sketches 
are transferred to the general sheet 

In reconnoissances of the character described in this 
chapter, considerable latitude exists in the signs or 
representations of different features ; and while it is 
desirable that there should be tmiformity, at the same 
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time it 18 only efisential that they shoald be nndef- 
stood. In the next chapter will be found General 
Dufonr's system of conventional signs, to be nsed for 
the resalts of a reconnoissance. 

A recapitolation of the points of difference between 
a r^alar and an irregular survey, and a more exaet 
account of the steps to be pursued in the latter opera- 
tion, may be useful to some, even if wearisome to 
others. 

It has been said that the instruments must be port- 
able, such as can be carried in the pocket or satchel. 
This reduces us to the compass (prismatic or pocket), 
or the pocket sextant, for horizontal angles ; and to 
Burel's level, or a protractor, or a small graduated 
strip, for vertical angles. 

We pace the base, or we ride over it, noting the 
time, and thus calculate its length ; we remeasure it, 
if possible, as it is important to get nearly its true 
length ; we select it as nearly horizontal as possible, 
for there is no time to reduce it to the horizon, and 
we are obliged to accept its measured length as our 
base. There is no correction of angles for reduction 
to the horizon, or for reduction to the centre of the 
station, so that we accept the measured angles for our 
triangulation. The sextant's angles lie in the plane 
of the observer and the objects, hence are not hori- * 
zontal, but, for small differences of level, do not differ 
much from their reduced value. Without reduction, 
they are more accurate than those given by the com- 
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pass ; nor is there time to calculate the triangles, or 
to obtain the coordinatCB of the principal points. A 
line is drawn to represent the magnetic meridian, and 
with a protractor the base is laid down according to 
its bearing ; and as the protractor does not lay down 
an angle perhaps within a half degree, we are less 
concerned that the compaes is equally defective. 

The protractor lays down the lines of sight first 
from one extremity of the base, then from the other ; 
and the principal, as well as the secondary points are 
fixed by intersections. The sketch is then made ; as 
the officer proceeds, he fills in by the eye, by estimat- 
ing distances, or by pacing them, if he has time, of the 
details surrounding each station ; and, as he proceeds 
from one to another, he notes in the same way all 
important points. 

In such an affair almost every thing must depend 
upon the individual ; his rapidity of conception and 
execution, his familiarity with the means at his dispo- 
sal, his ability to estimate distances, to detect the 
direction of streams from the general features of the 
country ; in a word^ on the cowp d^osH which, in its 
best development, is a natural gift carefully culti- 
vated and enlightened by experience. 

By experience a person becomes able to pace a dis- 
tance within perhaps l-30th, or, in some cases, within 
still narrower limits, and to estimate distances of two 
or three hundred yards or less, within 1-lOth to l-15th 
of their true value. 
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The points which require special attention depend 
upon the views of the commanding general, the ob- 
ject which he contemplated in ordering the reeon- 
noioanoe, and which he has imparted, verbaUy or by 
written instructions, to the officer. 
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CHAPTER X. 

QENEBAL DUFOtTS's BEICABKB OK BBOONNOIBSAJTCES.- 
EXAMPLES OF BEOONNOIBSANOE. 



Beconnoissakoes may be classified as follows, viz. : 
reconnoissances in force, and topographical reconnois- 
sances. 

The first have for their object to ascertain the 
strength, composition, and position of the enemy's 
forces, as well as their movements, in order to enable 
the general to draw inferences in reference to their 
intention, or to plan an offensive movement. They 
are execnted by a detachment of sufficient strength to 
drive in the enemy's ontposts, and compel him to de- 
velop his strength and display his forces. 

Topographical reconnoissances are not less impor- 
tant, for a general without an exact knowledge of the 
local features, cannot determine upon a plan of attack, 
or, indeed, undertake any operation of magnitude. 
He must know the various distances between certain 
points, in order to combine the marches of different 
columns ; and the difficulties to be encountered, in or- 
der to decide upon the arrangements to be made, and 
the precautions to be observed. This information is 
obtained by special reconnoissances, for even the most 
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detailed maps are insufficient; thej never tell the nar 
tare of the soil, the kind and condition of the roads, 
the Btate of the rivers and bridges, and other points 
of information which it is essential to be informed of 
before undertaking an operation. 

This kind of reconnoissance is nsnallj a function of 
staff officers. Thev are sent during peace to study the 
countries that may become theatres of operations, 
and to draw up descriptions of them, by means of topo- 
graphical maps, if they are permitted ; if not, by 
memoirs, at the same time making note of any errors 
that they are able to discover in existing charts. 
It is the staff officer, too, who, protected by a few 
troops, usually makes, in the presence of the enemy, 
the sketches which represent, with more or less exact- 
ness, the most essential features of a position. They, 
too, usually prepare the itineraries as the army ad- 
vances, survey positions, battle-fields, and often large 
extents of country. However, every officer is liable 
to be placed in circumstances which make it necessary 
for him to explore a locality, and to give a descrip- 
tion of it. For this reason, it may be well to indicate 
the means which can be employed by one who is not 
an expert draughtsman. 

The most difficult feature to represent in a map is 
the relief of the ground. It is done, either by construct- 
ing the projections of the curves cut out of the ground 
by equidistant planes, or by hachures. The latter mode 
requires a degree of skill which is not generally pos- 
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seeaed by oiiicere ; and, moreover, it frequently happens 
that there is not tima For this reasoii it is proposed 
to replace hachures by lines, which simply indicate 
the contours, one at the top and the other at the foot 
of the declivity. These are not necessarily lines of 
level, bnt they are the lines most readily seized by the 
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eye, and, moreoyer, are the most natural ones to be 
made when the officer has r o time for a more detailed 
representation, or when he merely desires to indicate 
the general form of a plateau, hill, or range. The 
space between these lines is sufficient to contain a few 
words descriptive of the circumstances of the slope. 
We can record that the inclination is gentle or rapid, 
that it is practicable for cavalry or not, and state the 
approximate height. We may thus clearly and briefly 
state all that it is essential to know. In order that 
these contour lines may not be confounded with those 
intended for other purposes, they should be traced in 
dotted lines, as iii Fig. 59. In the upper part of the 
figure, the contour lines indicate a plateau which rises 
gently from the plain. Lower, and near the river, 
there are two others, which indicate an elongated 
eminence ; and words or figures between the curves, 
make known the character of the slopes, or at least 
what is essential in a military point of view. On the 
right is a spur, represented in a similar manner ; it 
terminates near the river, in abrupt rocky bluffi, tfnd 
a little hill, which rises at its extremity, is indicated 
by its own special contour lines. The figures in 
brackets are the heights of the points of the upper 
curve above the corresponding points of the lower. 
These elevations are only approximative. 

Thus the plateau is, on the right, about 100 feet 
above the plain, its centre about 90, and the left about 
75. The isolated eminence is 10 feet at one extremity. 
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and 12 at the other above the plain, and so on for the 
others. It is not easy to estimate altitudes by the eye, 
and hence they are rarely represented in a sketch ; but 
the figure and explanation show how to present this 
information without confusing the map. Every offi* 
cer using this simple mode of representation, ought to 
be able to indicate, with more or less accuracy, the 
forms of the ground whieh he passes over. The fidelity 
of his sketch will depend only upon the accuracy of 
his oovp cPceUy a faculty only acquired by experience, 
and the officer need no longer be delayed by the diffi- 
oulty and duration of this part of the work. 

General Dnfbur farther proposes to substitute for 
the usual topc^raphical signs, in such cases, simpler 
modes of representation. 

First, for waiter-courses. Represent them by two 
lines, one stronger than the other ; or by a succession 
of parallel lines between the two bounding ones. A 
blue tint may be used to replace the interior lines ; 
an arrow represents the direction of the current ; a 
w&ter-mill is represented on the lower part of the 
river. The rivulet on the right of the figure is en- 
closed by steep blu£&, as is shown by the two irregu- 
lar lines traced along its banks. 

Mecms of Crosemg. — On the left is a ferry-boat ; in 
the centre is a stone bridge, distinguished from the 
wooden one, over the rivulet, by the fact, that the latter 
is narrower and has no wings on the approaches. 
Higher up, a ford is indicated by dotted lines. This 
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line need not be confounded with contour lines, both 
because of its position and the manner in which it is 
drawn. Lakes, ponds, etc., are represented b j the same 
means as running water, the onlj difference being in 
the form. Marshes are designated by a contour line, 
within which are groups of short parallel lines, with 
an occasional representation of grass. We note, with- 
in the outline, whether it is practicable or not. 

Forests require much time by the ordinary conven- 
tional signs. It is sufficient to trace their outline, and 
in the interior draw parallel right lines across, to rep- 
resent trees, and a winding line for vines. In the in- 
terior write the kind of forest, whether open or tan- 
gled, large or small timber. Eocks are difficult of 
representation ; as their forms are extremely variable. 
It is necessary to imitate them. When they are in the 
form of long blu£&, we may be content with sketching 
the top and bottom line, as in the right-hand part of 
the figure, putting a few cross lines to relieve it from 
the appearance of being a band. 

Houses. — ^If it were necessary to fill in all the houses 
of a town, as would be proper in a thorough survey, 
it would require much time, and would discourage the 
greater number of officers. But it is extremely easy 
to mark their place by a sign, without concerning 
ourselves with their form. A circle, crossed by par- 
allel lines, denotes a village. For more important 
towns, use a square similarly marked. 

Isolated houses, such as farm-houses, churches, etc., 
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are drawn without reference to any scale, to represent 
their proper shapes. 

Roads, — It is necessary to exaggerate their dimen- 
sions in order to represent them. A great route of 
communication is represented by two parallel lines ; 
the same answers for a carriage road, only the latter 
is narrower. A road practicable for small vehicles 
only, is represented by a full and dotted line, and 
trails for pack animals by a single full line. Dis- 
tances between designated points are marked in the 
roads. They are expressed in the time required for a 
footman to pass over them, supposing him to travel at 
a certain rate ; the gait of a horse might be applied to 
the same purpose. When a road extends beyond the 
limit of the sheet, the name of the place to which it 
leads should be written on its line of direction. 

I^evees and dikes should be represented, since they 
may be of military importance in defence. They are 
represented by parallel lines ; and to be distinguished 
from roads, they are crossed transversely by short ha- 
chures. One is represented in the figure, near the bridge. 

Such are the conventional signs which an ofiicer 
may employ to represent easily and rapidly the result 
of his observations. He may not make a fine draw- 
ing, but a military sketch which may be very useful 
if the relative distances and the forms of objects have 
been passably obtained, ^o complete the sketch, the 
meridian should be laid down with more or less accu- 
racy, and a scale of yards or niiiles, and fractions, 
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Bhonld be added ; and as distances have been given in 
time, there shonld also be a scale of this kind. 

An officer, charged with a reconnoissance, prepares 
his paper beforehand ; glues it to a board, so that the 
wind shall not interfere ; places his scales on it, and 
locates approximatively the villages comprised in the 
conntrj to be reconnoitred, in sach a manner, how- 
ever, that they may be effaced. He fixes them by 
taking them from a general map, or from information 
derived from individuals. With this skeleton he is 
prepared to go to work. 

Let it be supposed that the enemy's patrols have 
shown themselves in the country, and that it is neces- 
sary to provide for them. The officer arrives with 
his detachment at the village A, in the evening. He 
sleeps there, and acquires from intelligent inhabitants 
all possible information in reference to the surrounding 
country. He has already ascertained the number of 
inhabitants of the villages B, C, D, and E, the distances 
between them, and to the places connected with them 
by roads. He knows that, besides the bridge on the 
macadamized road, there is a ferry at the village D, 
and a ford above, practicable for cavalry. He has 
recorded these items, and, in addition, secured a good 
guide before retiring for the night. The enemy has 
been observed on the heights, on the right bank, and 
every precaution is taken by the officer to guard 
against surprise during the night. 

In the morning he assembles his party at the break 
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of day, and sends a small detachment, under command 
of a subaltern or non-commissioned officer, to recon- 
noitre the villages D and £, and to discover whether 
they are occupied by the enemy. He dispatches an- 
other party, by the right-hand road, to examine the 
large country seat, and explore the ravine and the 
banks of the river. These detachments have orders 
to rejoin the main party near the bridge. The latter 
puts itself in motion, preceded by a small advance 
guard. A halt of a half hour is made at the inn on 
the main road, to give time for the detached parties 
to complete their duties, and to ascertain the character 
of the ford. He sends a man to examine and sound 
it. He then starts again, noting distances by his 
watch, and traces their directions on his map. At the 
bridge another halt is made, to await the junction of 
the detachments. They having joined, he leaves one- 
third of his force as a guard for the bridge, and with 
the remainder marches directly for the village B, 
throwing out skirmishers on the front and flanks, di- 
recting them not to lose sight of the main body. He 
continues to take distances and to sketch in the feat- 
ures of the country. He marks in his sketch the 
points where roads and trails leave the main route, the 
foot and summit of hills, the position of houses, etc. 
In reference to hilly portions of the road, he should 
diminish the length of scale, corresponding to a min- 
ute and more as the slope becomes steeper, for two 
reasons: first, that the horizontal distances, which 
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are the ooea required, are less than the actual inclined 
portions passed over ; and, secondly, because the act- 
ual distance passed over in the same time is less than 
it would have been on level ground. 

The lengths of the scales should be reduced by one- 
fourth for gentle slopes, and by a third to one-half 
for steeper ones. When the eye is practised in the 
estimation of distances, it is of great advantage in 
such cases. 

Arrived at B, the officer leaves a third of his force, 
and with the remainder advances a mile or two on the 
high road, to assure himself that no enemy is approach- 
ing from that route. He may at any time have an 
engagement with parties of the enemy. If he meets 
a patrol, inferior in strength to his own, or an outpost, 
he may attack, endeavoring to secure one or more pris- 
oners, from whom he can ascertain the positions of the 
troops most advanced. After having thus beaten up 
the country he falls back promptly to the village B, 
and now, properly speaking, begins his topographical 
work. He establishes the main portion of his force 
in position at the village, to be prepared for an attack 
from the enemy, and, accompanied by a guard of a 
non-commissioned officer and two or three soldiers, and 
preceded by a few skirmishers, proceeds first to the 
left of the plateau towards the windmills, to note the 
slopes and sketch the country on this side. He makes 
the circuit of the plateau, returning by the post-house 
(indicated by a trumpet). 
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From B he proceeds towards C, taking half his 
force with him, directing the commander of the other 
half to leave the village in one hour and take a posi- 
tion at the foot of the slope of the plateau. Then 
proceeding towards C, he halts at the foot and top of 
the slope, to mark their directions on the sketch. He 
takes care to put in the lines he passes over hy their 
bearings and distances taken from his scale. At C he 
ascertains the points to which the two roads lead and 
the distance of the nearest villages. He traces the 
roads on his sketch and records tlie name and dis- 
tances. He. follows the path to the river, passing 
through the woods, and returns to the village, which 
enables him to fix the principal bend of the stream. 

From the village two men start, to make the at- 
tempt to cross the marsh and reach the ford. Being 
unable to succeed, they return and so report, and if 
the officer places confidence in their statements he 
marks the marsh impracticable ; if he has reason to 
distrust their report he examines it for himself, if he has 
time. From C the detachment returns to the bridge 
by the road, the officer detaches two men to make the 
circuit of the marsh, and, after crossing the ford, to 
return to A. He estimates by the eye the distance of 
the foot of the small hill and traces the curve on his 
sheet. 

He then makes the circuit of the small hill, follow- 
ing the foot of the slopes and the paths, then ascends it, 
where he obtains a good view of the form of the river 
8* 
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which he sketches. He then proceeds to the fann, 
measuring distances and plotting them, returning to 
the bridge by the path, which enables him to examine 
the ferry and to fix the mill on the river-bank. 

His whole force is now united between the bridge 
and the hills, where it remains for an hour yet, while 
the officer, with a guide and a party of four or five 
men, visits the villages D and £. After the expiration 
of the hour his force returns to A and awaits the ar- 
rival of the officer, who sketdies the woods, land, and 
stream, as well as the directions of the roads which set 
ont from D and E. 

If the day is not too nearly exhausted, and he 
is confident that the enemy will not interfere 
with him, he may leave his party at A, and, escorted 
by two or three of his best soldiers, proceed to the 
high ground on the right. From the chateau on the 
sagar-loaf hill he is able to see perfectly the whole 
course of the river, and can correct his sketch, if any 
correction is necessary. He follows along the ridge, 
up the steep blufPs, sketching them, and puts in the 
contour lines of the mountain, after an inspection of 
the groand. He returns along the rivulet and the 
river, and measures the length of the dike. His re- 
connoissance is now terminated, and, upon his return 
to camp, he finishes his sketch. 

This sketch, made in such a hurried manner, doubt- 
less contains large errors, but it expresses what is 
most essential in a simple and clear manner, and the 
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general will be able to ascertain from it, as well as from 
a more exact map, what it most concerns himto know. 

The sketch may be left in pencil, as made upon the 
ground, or traced in India or common ink. 

When the work can be divided among several offi- 
cers it is, of course, done more promptly. An officer 
of superior rank superintends the whole. He occu- 
pies himself chiefly in providing for the safety of his 
command and in studying the general form of the 
country. He stations himself on elevated points, from 
which he obtains a good view of the ground to be 
sketched and of that occupied by the enemy. 

The preceding remarks are General Dufour's, and 
are introduced because they expose, in detail, the mode 
of procedure in a particular case. The value of the 
sketch will depend very materially upon the circum- 
stance, that the positions of the villages are taken 
from a general map. They are, in fact, the primary 
•points. If their positions are unknown, it would be 
much preferable to fix them by triangulation, using the 
distance from A to the bridge for a base. After con- 
structing by intersections the projections of the vil- 
lages, the old chateau, the country house, bridge, farm, 
and summit of the hill near the ferry, etc., the method 
given above might be advantageously followed. 

Dublin, January 5, 1846. 
Having been requested by the editors of the Aide- 
Memaire to give you a specimen of the sort of sketch 
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of a position required daring the PeninBtilar war, with 
an account of the mode of performing the work, the 
annexed, which I was required to make by his Grace 
the Duke of Wellington, in Spain, is supplied accord- 
ingly, and the following is a statement of the circum- 
stances under which that sketch was ordered, and the 
way I took to perform it : 

In 1812, when the French army, under Marshal 
Marmont, was crossing the Tormes at Huerta, above 
Salamanca, before the forts of that place were taken, 
the duke, at that time standing on the high ground 
in front of Cabrerizos, observing the enemy, desired 
me to cross the river, and see what sort of a position 
there was, in a certain assigned direction, for stopping 
the advance of the French, and to make a sketch of 
it as quickly as possible. 

There were about two miles to ride to the ford of 
station Sta. Marta, and perceiving at once that point 
would be the left of the position, on having crossed, I 
began at the point A. (Plate I.) 

A. — ^The lines of direction to B, 0, D, E, F, G were 
first laid down, sketching in the river, the roads, the 
village, and particularly the church of S. Marta. 
These lines of direction were, in fact, so many angles 
laid down and protracted on the sketch, but no in- 
strument was used, as there was no time ; every thing 
was done by the eye. I did not dismount — and gal- 
loped from station to station. 

C. — ^Having finished at A, I went along the road 
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to Hnerta (C), a farm of only two or three baildings, 
which was the only point to be seen in that direction 
from A. Judging then this distance galloped over, 
the line from the Church of S. Marta to C was as- 
sumed as a base. 

It was desirable that this part of the sketch to- 
wards Huerta should be done first, as the enemy's 
skirmishers were exchanging shots with ours between 
C and (M) Pelobraro when I reached that ground. 

C being fixed, the lines to H, I, J, K, L, M were laid 
offi The line H intersecting the line B, showed where 
the rivulet joined the Tormes. The line J intersect- 
ing A £, showed nearly where the steep fall of ground 
at J would come. The line L pointed out where the 
road to Galvarosa Abajo crossed the rivulet, and ^to 
that point, N, I went. 

N. — ^Here the angle between Santa Marta and 
was laid off, which fixed it, and then, intersecting the 
lines I and K (taken from C), those two farms were 
fixed. The direction, O, of the stream was noted, and 
also the line to J was intersected ; also a fresh object, 
P, a remarkable tree, was taken, as it was along the 
crest of what would obviously be the position. 

Q. — ^The village, M, could not be seen ; I therefore 
went to the rising ground, Q, from whence it was visi- 
ble. At this point it was observable that I was in a 
line with the farm K and Santa Marta church. Tlien, 
assuming that line to be correct, the angle between 
Santa Marta and was laid down, which thus fixed 
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Q. The next angle waB between G and M, by which 
the village, M, was fixed. 

P. — Proceeding from Q np the hill to P, the angle 
was taken, formed by K and Santa Marta, which fixed 
P. It was also noticed that the line to the farm, I, 
passed to the right of the farm K, which observation 
helped to correct the sketch ; also it conld be seen that 
the line to H passed over E. The direction* J was 
next taken, showing the fall of ground and the direc- 
tion of the road D. There were no other points that 
could be fixed between D and the skirt of the wood, H. 

B. — I then galloped to the top of the hill, and 
placing myself in a line with the two farms, I and K, 
that line was assumed to be correct ; and then observ-- 
ing the angles between E and Santa Marta, and K 
and C and K, and P — ^B was fixed 

At B I could see over the trees the village of Galva- 
rosa Arriba, and also a chapel, called Hermita, on this 
side of it, the directions to which were taken ; also to 
the remarkable hill, S, and the abrupt slopes of the 
ground to the rear, IT and Y. 

A line was drawn to the fall or gap in the ground, 
T, taking great care that this, as well as those to S, 
to Calvarosa, and the chapel, were as correct as possi- 
ble in regard to the line from P, because the connec* 
tion of the right of the position rested on, this point, 
and the accuracy of the winding up of the sketch 
would depend upon the accuracy with which those 
angles were taken. 
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T. — JSext to T, and as on reaching it it was clear that 
none of the points on the left of the position could be 
seen, except B, it became necessary that the distance 
from R to T should be judged as accurately as possi- 
ble ; which distance became a fresh base. At T, thus 
fixed, all the right could be seen, and the Hermita 
could be intersected as well as the ground to the rear 
( W, V, and E). The direction (X) of the smaller hill 
was taken, and the line over its summit, it was ob- 
served, passed to the abrupt right-hand slope of the 
ground W to the rear of the position. A farm also, in 
a hollow of some wood to the front, was also noted. 

X. — ^I then went to the smaller hill, intending to 
go to the top, but the rodics were so rugged that I 
could not ride up, and so, standing on a line between 
it and T, at X, th^t station was fixed by observing the 
direction to £ and the Hermita. 

The line to Calvarosa from E was next intersected, 
which fixed that place. The direction to the houses, 
Z, was also laid down, and this place turned out to be 
the village of Arapiles, and the two- remarkable hills 
were the celebrated hills of the same name. 

The line W being intersected gave the boundary of 
the grand T; the farm in front observed from T could 
no longer be seen. Passing then down by the right 
and along the hollow by the two great hills, I went to 
the Hermita, and this point having been before fixed, 
from thence the direction x>t the further fall of the 
great hill S and the slopes of the hill on the further 
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Bide of the Calvarosa valley were secured, as well as 
the direction of the water-course above and below. I 
then passed down the vallej, and wound up the sketch 
atO. 

Ooing back from thence to C, I proceeded along 
the main road to D and E, putting in, on judgment, 
the village of Carrajosa as well as the point F, where 
was a house, and where the great Salamanca road 
passed. 

I returned to Cabrerizos, finding the duke where I 
had left him, and handed him the sketch, having been 
absent two hours and a half. I made a verbal report 
to his Grace, pointing out the high hill S, which we 
could plainly see from the spot where we stood, ob- 
serving that it was doubtful how far guns could be 
brought there, not having had time to ride thither. 

The duke gave me back the sketch to put it in ink, 
which I did, etc., etc. B. J. N. 

These examples are given not to be implicitly fol- 
lowed, but to show that it is possible for one who is 
not a skilful draftsman to make a rapid sketch with- 
out instruments, which shall represent clearly the 
important local features. They are instrujctive, too, as 
they bring before the mind the difficulties which may 
be encountered in an operation of this kind, and sug- 
gest the nature of the demands that may at any time 
be made on the faculties of an officer. 
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Rules for tbe Resolution of Plane Triangles. 

The remaining elements of a triangle may be found 
when three are known, provided one of them is a sida 
The following combin^ions may exist : 

1. Let two angles and one side be known, or two 
sides and the angle opposite one. Designating the 
angles A, B, C, and the opposite sides by a, ^, c. 

Sin. A : sin. B : sin. : : a :h : e. (1) 

2. Knowing two sides a and h and included angle C. 

Tang, i (A-B) = Cotang. i ^^ (2) 

This formula gives i difference of the angles ; their 
half sum is equal to 90°— i 0. Add together the half 
sum and half difference, the result is A. Subtract 
the half difference from the half sum, the remainder 

is B : the third side results from formula (1). 

3. Given the three sides a, J, c. 

Eepresent a+h+ohj 2p. Then, 

Sin A = ±^yp{p-a){p^h){p^c) (3) 
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Sin.*A= iv^ESES 

^ ho 

h c 



(5) 



Tang. \ = ±JipESEA (6) 

p{p—a) 

Either of these formulas makes known the angles. 

Area of a triangle whose sides a, i, and o are 
known. 

Let j>, as before, represent \ (a+i+o) and S the 
area. 

^= j^P iP-^) (J>-^) iP-<^)' 

If the triangle be right angled, a the base and h 
the altitude. Then, 
S = 4 (a A). 

Let A B be a right angled 
^ triangle, B being the right 
angle. Then, 

Sin. A = ^ = COS. C. 



Cos. A = -^ = sin. C. 






a 



Tang. A = — = cotang. 0. 
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Several Problent MeselYaMe vMh tMe Sextant. 

To find the distance of an accessible x 
point fr^m one that is inaccessible. To Nv 
find A X, X being inaccessible. Erect n.c_ 

A B perpendicular to A X ; find a point, X 

C, where the angle, subtended by the y^ 
distance A X, is 4:5^ Then the triangle Fig. ei. 
being isosceles, A 0= A X. If, on any account, it is 
impossible to measure A C, draw C Q perpendicular to 
C X, produce it to G where it intersects A X produced, 
then A G= A X. If A G cannot be measured, while 

CGcan, AX= ,• 

V 

If it is impossible either to measure, or to go but a 
yery short distance either to the right, left, or rear : 

At A draw A B per- 
pendicular to A X, and 
through B draw B G 
perpendicular to B X, ^" 



2 




Fiff.62. 



AB« 



measure carefully A B and A 0, then A Xl_-^-^. 

A slight error in either A B or A G will make a 
greater one in A X, but still the method may be use- 
ful, say, to determine the distance from a battery to a 
point on which it is to open fire. 

To draw a horizontal through a given point. 
Plant an inclined stake, B O, and from its summit 
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suspend a plumb bob. Set the sextant at 90°, and 
from O look towards the bob, and send a man in the 





Fig. 64. 



required direction with a level-staff, and let him move 
the vane till its middle line is seen on the bob, then 
O M is horizontal ; subtracting O A from M N, it fol- 
lows that P A is also horizontal. - 

To erect a perpendicular to 
a given line, A B at A, measure 
from A in each direction on A B 
and its prolongation equal dis- 
tances of a few feet, A J and A V . 
Take a cord, longer than the sum of these distances, 
and fasten its extremities at h and^^, seize it by the 
middle point, and draw it out, until the two branches 
}> and C V are tense : C then is a point of the re- 
quired perpendicular through A. 

To construct an angle of 60°, mark the cord off into 
three equal parts, join its extremities, and fasten each 
of the points of division, and make of it an equilateral 
triangle. Each angle is 60®, and the angle which 
either side prolonged makes, with the one adjlM^nt, 
is 120®. 
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Having measured a base line, A B, to find the posi- 
tion of C with a chain. From A measure A D and 
A E in the direc- p j^ 

tions given in 




r-.. 



the figure, meas- '^ * i ^ ^ 

ure D E. From ^^ ^ 

B measure the three distances B H, B G, and G H. 
On the paper lay down tlie line A B, according to 
the scale, and also A £ and B G ; with A as a centre, 
and A D taken from the scale as a radius, describe an 
arc of a circumference ; with £ as a centre and £ D as 
a radius, describe an arc ; their intersection is the pro- 
jection of D. A similar process gives H in projection. 
Draw A D and produce it ; where it intersects B H 
pp6duced is C. 



TrigoBometiical Problems. 

To determine A B when B is not accessible, meas- 
ure the distance A C and the angles A and C, 180^— 

their sum is B. Then we have A B= A C ^. *t> ' To 

sin. ±> 

obtain the angle A without a compass, lay off on A B 

any distance A &, and an equal distance A c on A C, 

join h and o and measure it, then sin. A h sin. i A= 

-T-^ Beduce this fraction to its simplest form, and 
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go with it to the table of natoral sines and find the 

then i A is equal to 24^, and A equal to 48^. 

^ Again : Lay off on paper 

A 0, according to any ear 
Bumed scale. By any me- 
thod lay off A B and A C, 
making the measured angles 
respectively with A 0. Their 
intersection gives B, and A B 
in yards may he taken from 
the scale. 

To find A X, prolong it to B ; make B 
Oequalto JC,andACequaltoCa; pro- 
duce a h and X till they intersect in a?, 
then a 0?= A X. 

With an instrument for measuring 
angles make A0=0d5, and the angle 
Cax=za A X, draw X and a x. 





I1g.C7. 




Fl«.6& 



Again : Produce A X to C, mak- 
ing A B=BO, and each equal to 
I and I a. Draw a, and pro- 
duce it ; draw C A, a X, and G D, 
producing the latter to E ; draw 
A E and produce it to intersect a 
thenAX=aa?. 
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When the distance between two inac- 
cessible points, X and Y, is required, de- 
termine A X and A Y by one of the pre- 
ceding methods, and lay off on these lines 
respectivelj distances equal to 7m of their 
lengths, then. Fig. 69, x y=Va X Y; or 
lay off on their prolongations distances ^' ^' 
equal to A X and A Y respectively, then oj y =X Y. 
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TABLI or VATU&iL 8ZNBS, COBINXS, TAKGKNTB, OOTAITOBKTS, BEOASTB, 

AND C0SBCANT8, FBOM 1" TO 90°. 



Deg. 



SiiiM. 


CO0lM8w 


Tangenta. 


Cotaagentft 


Seeanto. 


Coaeoants. 


Deg. 
90 


0.00000 


1.00000 


0.00000 


IniOnitc. 


1.00000 


Infinite. 


1 


0.01745 


0.99985 


0.01745 


57.2000 


1.00015 


57.2987 


89 


2 


0.03490 


0.99939 


0.03492 


28.6363 


1.00061 


28.6537 


88 


3 


0.05234 


0.9986? 


0.05241 


19.0811 


1.00137 


19.1073 


87 


4 


0.06976 


0.99756 


0.06993 


14.3007 


1.00244 


14.3356 


86 


5 
6 


0.08716 


0.99619 


0.08749 


11.4301 


1.00382 


11.4737 


85 

84 


0.10452 


0.99452 


0.10510 


9.51236 


1.00551 


9.56677 


1 


0.12187 


0.99255 


0.12278 


8.14435 


1.00751 


8.20551 


83 


8 


0.13917 


0.99027 


0.14054 


7.11537 


1.00983 


7.18530 


82 


9 


0.15643 


0.98769 


0.15838 


6.31375 


1.01246 


6.39245 


81 


10 
11 


0.17365 


0.98481 


0.17633 


5.67128 


1.01543 


5.75877 


80 


0.19081 


0.98163 


0.19438 


6.14455 


1.01872 


5.24084 


79 


12 


0.20791 


0.97815 


0.21256 


4.70463 


1.02234 


4.80973 


78 


13 


0.22495 


0.97437 


0.23087 


4.33148 


1.02630 


4.44541 


77 


14 


0.24192 


0.97030 


0.24933 


4.01078 


1.03061 


4.13356 


76 


15 
16 


0.25882 


0.96593 


0.26795 


3.73205 


1.03528 


3.86370 


76 
74 


0.27564 


0.96126 


0.28676 


3.48741 


1.04030 


3.62796 


17 


0.29237 


0.95630 


0.30573 


3.27085 


1.04569 


3.42030 


73 


18 


0.30902 


0.95106 


0.32492 


3.07768 


1.05146 


3.23607 


72 


19 


0.32557 


0.94552 


0.34433 


2.90421 


1.05762 


3.07155 


71 


20 
21 


0.34202 


0.93969 


0.36897 


2.74748 


1.06418 


2.92380 


70 
69 


0.35837 


0.93358 


0.38386 


2.60509 


1.07114 


2.79043 


22 


0.37461 


0.92718 


0.40403 


2.47509 


1.07853 


2.66947 


68 


23 


0.39073 


0.92050 


0.42447 


2.35585 


1 . 08636 


2.55930 


67 


24 


0.40674 


0.91355 


0.44523 


2.24604 


1.09464 


2.45859 


66 


25 
Deg. 


0.42262 


0.90631 


0.46631 


2.14451 


1.10338 


2.36620 


65 
Dag. 


OosineB. 


Sinei. 


Cotaoge&to 


Taageata 


CkMoeants. 


Baeanta. 
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TABLE or NATUBAL SINBS, ETC. — (continuecC), 



D«g. 
26 


Bines. 


Cosines. 


Tangents. 


Cotangents 


Secants. 


Cosecants. 


Deg. 
64 


0.43837 


0.89879 


0.48773 


2.05030 


1 . 11260 


2.28177 


21 


0.45399 


0.89101 


0.50952 


1.96261 


1.12233 


2.20269 


63 


28 


0.46947 


0.88295 


0.53171 


1.88073 


1.13257 


2.13005 


62 


29 


0.48481 


0.87462 


0.55431 


1.80405 


1.14335 


2.06266 


61 


30 
31 


0.50000 


0.86603 


0.57735 


1.73205 


1.15470 


2.00000 


60 
69 


0.51504 


0.86717 


0.60086 


1.66428 


1.16663 


1 . 94160 


32 


0.52922 


0.84805 


0.62487 


1.60033 


1.17918 


1.88708 


68 


33 


0.54464 


0.83867 


0.64941 


1.53986 


1.19236 


1.83608 


67 


34 


0.55919 


0.82904 


0.67451 


1.48256 


1.20622 


1.78829 


66 


35 
36 


0.57358 


0.81915 


0.70021 


1.42815 


1.22077 


1.74345 


65 
54 


0.58778 


0.80902 


0.72654 


1.37638 


1 . 23607 


1.70130 


37 


0.60181 


0.79863 


0.75355 


1.32704 


1.25214 


1.66164 


63 


38 


0.61566 


0.78801 


0.78129 


1.27994 


1.26902 


1.62427 


52 


39 


0.62932 


0.77715 


0.80978 


1.23490 


1.28676 


1.58902 


51 


40 
41 


0.64279 


0.76604 


0.83918 


1.19175 


1.30541 


1.56572 


60 
49 


0.65606 


0.75471 


0.86929 


1.16037 


1.32601 


1.52425 


42 


0.66913 


0.74314 


0.90040 


1.11061 


1.34563 


1.49448 


48 


43 


0.68200 


0.73135 


0.93251 


1.07237 


1.36733 


1.46628 


47 


44 


0.69466 


0.71934 


0.96569 


1.03553 


1.39016 


1.43956 


46 


45 


0.70711 


0.70711 


1.00000 


1.00000 


1.41421 


1.41421 


45 
Deg. 


Cosines. 


Sines. 


Cotangents 


Tangents. 


Cosecants. 


Secants. 



These elements are calculated for radios = 1. For any other radlas, multiply 
the tabulated element by the radius. To take out the sine of 24*, find 24 in the left 
column, and look in the column headed Sines opposite to 24°. Thus it is 0.40674. 
The sine of 60* is 0.86608. Find 60 in the right-hand column, run along the hori- 
zontal line to the column footed Sines, and headed Cosines, and find the proper 
numb^. 

An element corresponding to any number of degrees and a fraction, is approxi- 
mately found from proportion, using the next prerious and succeeding whole 
degree. Thus the tangent for 10* 2y. The tangent for 10* is 0.17633; for 11*, is 
0.19488. The proportion is 60^ : 25^ as 19488 - 17683 is to the number which added 
to 0.47688 gives the tangent required. 
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OcoTT's Military Dictionary. 

Comprising Technical Definitions; Information on Raiung and 
Keeping Troops ; Actual service, including makeshifts and im- 
proved materiel, and Law, Government, Regulation, and Admin- 
istration relating to Land Forces. By Colonel H. L. Scott, 
Inspector-General U. S. A. i vol., large octavo, fully illustra- 
ted, half morocco, $6; Half russia, $7.50 ; Full morocco, $9. 

** It is a complete Encyclopsedia of Military Science, and ftiUy explains eyery thing dis- 
oovered in the art of war np to the present Wme.'^—'PhUaddphia Eeendng BuUetin. 

^TVe cannot speak too mnch in legitimate praise of this work.^^ — ITaManal InUUigtnr 
eer, 

** It should be made a text-book for the study of every yolnnteer.^ — Harper'^t Mag- 
aMne. 

"" We cordially oonmiend it to public fayor." — WatMngton^ Globe. 

**ThiB comprehensive and skilftilly prepared work supplies a want that has long beei 
felt, and will be peculiarly valuable at this time as a book of reference.^* — Bo$Um CJommw 
eial BuUain. 

**The Military Dictionary is ^lendidly got up in every way, and reflects credit on th< 
publisher. The officers of every company in the service should possess it^ — 2^. Y. Tablet 

""Die work is more properly a Military Encyclopaedia, and is profusely illustrated witl 
engravings. It appears to contain every thing that can be wanted in the shape of informa- 
tion by officers of all gnAM.'^--Ph4ladelph4a ITorth Amsriean* 

*^Thi8 book is really an Encydopiedia, both elementary and technical, and as such occu- 
pies a gap in military literature whidh has long been most inconveniently vacant This 
book meets a present popular want, and will be secured not only by those embarking In 
the profession but by a great number of civilians, who are determined to follow the de- 
scriptions and to understand the philosophy of the various movements of , the campaign. 
Indeed, no tol^nbly good library would be complete without the work.^^ — New York 
T^mee. 

^The work has evidently been compiled from a carefol consultation of the best author- 
ities, enriched with the results of the experience and personal knowledge of the author.'^— 
IT, Y. DcMy TrihtMs. 

"Works like the present are invaluable. The officers of our Volunteer service would 
all do well to possess themselves of the volume.^ — K. Y. Berald. 

"It is a book to be referred to on the spur of the moment, to be consulted at leisure, and 
to be read with deliberation. It reflects honor on the military service of the United States, 
and gives new glory to one of the noblest of the names connected with that service." — 
BoiOon TraifeUer, 



DW TAN momLAHD*S FCBUCATIOirS. 



/^avalry; its history, management, and 

Uses in War. 

f y J. RoEMER, LL. D., late an Officer of Cavaliy in the Service of the 
Netherlands. Elegantly illustrated, with one hundred and twenty- 
seven fine Wood Eilgravings. In one large octavo volume, 
beautifully printed on tinted paper. Price $5.oa 

Summary op Contents. — Cavalry in European Armies; Proportion 
of Cavalry to Infantry ; What kind of Cavalry desirable ; Cavalry 
Indispensable in War ; Strategy and Tactics ; Organization of 
anArmy; Route Marches; Rifled Fire- Arms; The Charge; 
The Atuck; Cavalry versus Cavalry; Cavalry versus Infantry; 
Cavalry versus Artillery; -Field Service; Different Objects of 
Cavalry; Historical Sketches of Cavalry -among the early 
Greeks, the Romans, the Middle Ages ; Different kinds of Modem 
Cavalry ; Soldiers and Officers ; Various systems of Training of 
Cavalry Horses; Remounting; Shoeing; Veterinary Surgeons, 
Saddlery, etc., etc. 

WBAT OKXKBAL M^OLILLAK BATS OV IT. 

** I un exoeodlngly pleased with it, and regard it aa a verj yaloable addition to oar 
military Uteratore. It will certainly be regarded aa a standard worlc, and I know of mma 
so Taloable to oar eavalry offloera. Its nsefalnesa, however, is not oonflned to ofBoera <^ 
eayalry alone, bat it contains a great deal of general Infonnation yaloable to <^leera of tiie 
othw arms of seryiea, especially those of the Stalt 

** Witb the hope that it may find a laige eiroolation In oar armies, I am, Tory tralyyoofft 

"Hlso. B. MoCluxav, M^j-Oen. U. 8. A."" 

''We can traly say that, fVom no single yolome haye wo obtsined so moeh infonnation 
on tho art of war as from iblia.^^Phila, J*r6$$. 

** Reading, coltore, and practical experience xmited, glye this work a yalne and impor- 
tance that will cause it to be regarded as a standard authority." — Saturda/y See* OomeU*. 

''By far the best treatise upon Oayalry and its uses in the field, which has yet been 
published in this country, for the general use of officers of all ranks, is this elaborate and 
(Uteresting work. Eschewing the elementary principles and tactics of cayalry, which may 
I'O learned from any hand*book, the author treats of the uses of cavalry in the field, of 
i-trategy and tactics, and of its general discipline and management The range of the w<Mrk 
Inclades an admirable troatiae apon rifled fire-arms, a hiatorioal sketch of cavalry, embod- 
) ing many Interesting Ikkcta, an account of the cavalry service in Europe and this country* 
iind a trestlsi'' on horses, their equipment, management, Ac. The work is copiously inus>- 
trated and elegantly printed. It Is interesting not alone to military men but to the gen- 
eral reader, who will gain from its pages valuable hlstorfcal fkcts and very dear Ideaa of 
somebranchea ctf the art of war, such as the employment of spies, gaining Inlbrmation in aa 
tin«my*s ooantry, advance movements and other strategical maneayres.— AiiAm JcmritaK* 
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ENfer's Military Law. 



A Treatise on Military Law and the Practice of Courts-Martial^ by 
Capt. S. V. Ben^» Ordnance Department, U. S. A., late As- 
sisunt Professor of Ethics, Law, &c.. Military Academy, West 
Point. 1 vol., 8vo, law sheep, f 3.50. 

** This book ia manifestly well timed Jast at this particular period, and it is, without 
doubt, quite as happily adapted to the purpose for which it was written. It Is arnuige<l 
with admirable method, and written with such perspicuity and in a style so easy and graoe- 
tal, as to engage the attention of every reader who may be so fortunate as to open its pages> 
Tliis treatise will make a Taluable addition to the library of the lawyer or the dvilian ; 
while to the military man it seems to be indiqien8able.^<— PMtods^pAIci JBttenitiff JaumaL 

** Captain Benet presents the army with a complete compilation of the precedents and 
decisions of rare value which have accumulated since the creation of the office of Judgo- 
Advocate^ thoroughly digested and Judiciously arranged, with an index of the most minute 
accuracy. Military Law and Courts-Martial are treated ttmn. the compositioii of the latter 
to the Finding and Sentence, with the Kevision and Execntion of the same, all s6t forth in 
a clear, exhaustive style that is a cardinal excellence in every work of legal reference. That 
portion of the work devoted to Evidence is especially good. In fiict, the whole performance 
entitles the author to the thanks of the entire army, not a leading officer of which should 
Ihil to supply himself at once with so serviceable a guide to the intricacies of legal military 
governmenC — y. T. Timsa. 

'*This volume has been eareftally prepared by the author in order to present in a col 
lected form, the able decisions issued from the War Department slnoe the establishment 
of the office of Judge* Advocate of the Army, and the opinions given by the Attomeys- 
Qenera] on points requiring legal interpretation. It is fbll of information for military men, 
founded on the authority of these decisions and opinions, and is a valuable contribution 
jto the sdenoeof miUtaiy law."— /VwicMfiM JoumcU, 

Junox-ADTOOAn Oxivsral^b Qmcoc, I 
October 18, 18G2. f 

* * * 80 ftr as I haye been enabled to ezamine this volume, it seems to me careftally 
and accurately prepared, and I am satisfied that yon have rendered an acceptable service to 
tbe^army and the country by its publication at this moment In consequence of tho 
gigantic proportions so suddenly assumed by the military operations of the Government, 
there have been necessarily called into the field, fnm civil life, a vast number of officers, 
unacquainted flrom their previous studies and pursuits, both with the principles of mili- 
tary law and with the course of Judicial proceedings under it To all such, this treatise 
will prove an easily accessible storehouse of knowledge, which it is equally the duty of tho 
soldier in command to acquire, as it is to learn to draw his sword against the common 
enemy. The military spirit of our people now being thoroughly aroused, added to n 
growing conviction that in fixture we may have to depend quite as much upon the bayonet 
as upon the ballot-box for the preservation of our institutions, cannot fidl to secure to 
this work an extended and earnest appreciation. In bringing the results of legislation and 
of decisions upon tho questions down to so recent a period, the author has added greatly 
to the interest and useAilness of the volume^ Yery . rcBpcctAiUy, 

Tour obedient servant, J. HOLT. 



D. VAN NOffTHAND'S PDBUCATIOirS. 



E 



LEMENTS OF MILITARY ART AND HlSTOKY. 



By Edwaud db la Barre Duparcq, Chef de Bataillon of Eng^eers in 
the Army of France; and Professor of the Military Art in the 
Imperial School of St. Cyr. Translated by Brig-Gen« Geo. W. 
CuLLUM, U. S. A., Chief of the Staff of Major-Gen. H. W. Hal- 
LECK, General-in-Chief U. S. Army, i vol., octavo, cloth. $4. 

**l rwid the origliMl ftfew yean dnce, «nd oonsidered it the yery beet work I hed seen 
upon the eal^eet Oen. OaUimi'e sbtlltj and ftunlUarlty with the technical language of 
lYenoh militavy writen, are n nilBotent guarantee of the owrectneas of his tranaiation.^ 

H. W. BALLECK, Mi^or-Gen. U. 8. A. 

** I hare read the book with great Interest, and trust that it will haye a largo drcnlation. 
It cannot (Ul to do good by spreading that yerj knowledge, the want of which among onr 
new, ineiqiMrieBeed, and nntMight Boldiere» has oeet ns -so manj Uyea, and so mnch toll 
and treasure." 

M. a MEIGB, Qoartermaster-General, U. 8. A. 

** I haye careftillf read most of General Callmn's translation of IL Barre Dnparoq's 

* Elements of Military Art and History.^ It is a plain, concise work, well suited to our 

serylce. Our yolnnteers should read and study it I wish it could be widely circulated 

among our officers. It would giye them a comprehenslye knowledge of the different anns 

of the Beryice, and invito Airtherinyestigatlon into the profession of arms which they h&ye 

adopted. A careftil stndy of such works will make onr offloera learned and sktIAil, as well 

as wise and snooesaftil ; ahd thay haye ample time, while they are campaigning, to ImfweTe 

themaelyea in this r^;ard." 

S. B. CURTIS, M%jor-Gen. TJ. 8. A. 

** Barre Duparcq is one of the most flsyorably known among recent military writers in 
France. If not the yeiy best, this is certainly among the best of the numeroas yolumes 
devoted to this topic Could this book be put into the hands and heads of our numerous 
intelligent, but untrained offleera, it would work a transformation supremely needed. 
We can say, that no officer can read this work without poBitlve advantage, and real pro< 
gross as a soldier. Oen. Cullum is well known as one of the most proficient students of 
military science and art in our service, and is amply qualified to prepare an original text- 
book on this sul^eof'-^tfmiMe JfontUy. 

** That Gen. Cullum, Chief of Staff to the Commanding General, should have chosen to 
translato and edit his work, rather than to prepare an original one himself, gives the 
highest professional testimony to its value: The work contains a History of the Art of War, 
as it has grown np from the earliest ages; describes the vsrious formations which haye 
from time to time been adopted ; and treats in detail of the several arms of the service, and 
the most effective manner of employing them fbr offensive and defensive purposes. It Is 
ftiUy illustrated with diagrams, displaying to the eye the formations and evolutions whldi 
find place in ancient and modem armies. Though the book is especially designed for the 
instruction of officen and soldiers, the non-professional reader cannot fliil to perceive the 
dsamess of its statements and the predalon of its definitions.'*— ZTaftpsrs^ MonffUf^. 
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ENTON's Ordnance and Gunnery. 



A Course of Instruction in Ordnance and Gunnery ; compiled for 
the use of the Cadets of the United States Military Academy, 
by Cape J* G. Benton, Ordnance Department, late Instructor 
of Ordnance and Gunnery, Military Academy, West Point. 
Principal Asnstant to Chief of Ordnance, U. S. A. Second 
Edition, revised and enlarged, i voL, 8vo, half morocco, cuts. 
•5 00. 



** We OMmot edoimeBd this work too hlghlj, botii for Che tnbstanee It oontaina, and ihe 
highly finiriied nuuiner lavliich it hM been issued by the publisher. There is do one 
book within the ruge of oar military reading and stadj, that contains more to recommend 
it npon the saliiject of which it treats. It is as ftill and eomplote as the narrow compass 
of a single volome wonld admit, and the rapntotton of the author as a sdentiflc and prac- 
tical artiUerlst is a sufficient gaarantee for the correctness of his statements and deduo- 
tions, and the thorouf^ees of his Isbors.^^-^i!^ Y. Observer^ 

*The present edition Is the second one, and is revised and enlarged, being rendered al- 
to0etlMr InTaluable, not <nily to the student, but as a standard book of reiarenoe on the 
subject of which it treats. Apart from its great merits as a treatlsa, H is H rei^ects bind« 
ing and printing, a truly splendid work.^— ZouimKUe Joumai. 

* A OitCAf MuffAXT WosK.—We hare before us a bound yolume of nearly six hundred 
pagesi, whi«h is a complete and exhaustire ^Course d Instruction in Ordnance and Oun- 
nety,* as its titte states, and goes into every department of the science, including gunpow- 
der, proJeotUeB, cannon, carriages, machines, and implements, small arms, pyrotechny, 
M^nee of gunnery, loading, pointing, md discharging ^re^rms, dilTerent kinds of flres, ef- 
fecft» of prajjectiles and employment of artillery. These severally form chapter heads and 
give thorough information on the subjects on which they treat The most valuable and 
interesting information on an the above topics, including the history, mannihcture, and 
use of ttnall amw is here concentrated in compact and convenient form, making a work of 
rare merit and standard excellence. The work is abundantly and clearly Ulustrated.^— 
Boston TVwslter, 

^^Tliis work Is designed for a standard work, not only for the soldier and the sailor, or as 
a Wide fneeumtor reference on the quarter-deck and in the officer's tent, but from its plain 
and forcible diction and fttmlliar illustrations, must interest the general reader in the na- 
ture and effects of 16-inch Oolombiada, and all kinds of artillery, down to a signal rocket 
All who desire a work of reference upon the subject at large, will find this book a uselhl 
and interesting informant^— CAicoi/o Jourtial. 
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HE Artillerist's Manual: 



Compiled from various Sources, and adapted to the Service of the 
United Sutes. Profusely illustrated with woodcuts and engrav- 
ings on stone. Second edition, revised and corrected, with 
valuable additions. By Gen. John Gibbon, U. S. Army, i 
vol., 8vo, half roan. $5. 

This book la now considered the steadard enthoritf for tiiat particalar branch of the 
Berrtoe In the United States Axmy. The War Department, at Washington, has exhibited 
its thoroQgh appreciation of the merits of this yolome, the want of which has been hither- 
to much felt in the service, hy snbecrlbing for 700 oopieSb 

** It is with great jileastire that we welcome the appearance of a new work on this Bab* 
Jeot, entitled *The Artillerist's HanaaV bjCapt John Gibbon, a highly sdentiflc and mer- 
itorioQS officer of artillery- In our regular service. The work, an octavo volume of 600 
pages, in large, clear type, appears to be well adapted to supply Just what has been hereto- 
fore needed to All the gap between the simple Manual and the more abstmse demonstra- 
tiooa of the sdenoe of gunnery. The whole work is proftuely iUiutrated with woodcuts 
and engravings on stone, tending to give a mora complete and^oaot idea of the varioas 
matters described in the text The book may well be considered as a valuable and impor- 
tant addition to the military science of the country.^'— ^eu> York StroLdL 



H 



AND-BooK OF Artillery, 



For the Service of the United States Army and Militia. New, re- 
vised, and greatly enlarged edition. By Maj. Joseph Roberts, 
U. S. A. I vol., i8mo, cloth. $1. 

** A complete catechism of gun practice, covering the whole ground of this brondi of 
military science, and adapted to militia and volunteer drill, as well as to the regular army. 
It has the merit of precise detail, even to the technical names of all parts of a gun, ondbow 
the smallest oi»erations connected with its use can be best perfonned. It has. evidently 
been prepared with great care, and with strict scientific accuracy. By the veoommendo- 
tion of a committee ^»pointed by the commanding officer of the Artillery School at Fort 
Monroe, Ya., it has been substituted for *■ Bums'* Question and Answers,^ an English work 
which has heretofore been the text-book of instruction in this country.^— ilTeio. Y<trk 

The following is on extract from a Beport mode by the committee appointed at * meet- 
ing of the staff of the Artillery School at Fort Monroe, Yo., to whom the commanding 
officer of the School had referred this work : 

e * e uln the opinion of your Ck>mmittee, the arrangement of the subjects and the 
selection of the several questions and answers have been jadidona. The work is one 
which may bo advantageously used for reference by the officers, and is admirably adf^E^ted 
to the instruction of non-commissioned officers and privates of Artillery. 

^ Tour Committee do, therefore, recommend that it be substituted as a text-book in 
place of * Burns^ Questions and Answers on Artillery.^ " 

(Signed,) ■ I. VOGDES, Ca^ Ut ArUUery. 

(Signed,) E. O. G. ORD, Ca^pt. Zd ArtUUry. 

(Signed,) J. A HASE:IK, BeU Ma^, and Gapt lit ArtOUnf^ 
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A UTHORizED U. S. Infantry Tactics. 

For the Instruction, Exercise, and Manceuvres of the Soldier, a Com- 
pany. Line of Skirmishers, Battalion, Brigade, or Corps d'Armec. 
By Brig. -Gen. Silas Casey, U. S. A. 3 vols., 24J110. Cloth, 
lithographed plates. $2.50. 

Vol. I. — School of the Soldier ; School of the Company ; Instruc- 
tion for Skirmishers. 

Vol. II. — School of the Battalion. 

Vol. III. — Evolutions of a Brigade; Evolutions of a Corps d'Arm^e. 

The manuscript of this new system of InAatry Tactics was carefully examined by Gen- 
eral McCi.BLLAN, and met with his unqnalified approval, which he has since manifested by 
anthorizing General Caskt to adopt it for his entire diyision. The author has retaine<l 
much that is valuable contained in the systems of Scott and Habdek, but has made many 
' important changes and additions which experience and the exigencies of the sorvice re- 
quire. General Gasey^s reputation aa an accomplished soldier and skilful tactician is a 
guarantee that the work he has undertaken has been thoroughly performed. 

** These volumes are based on the French ordanfiOMees of 1881 and 1845 for tlie manoeu- 
Tres of heavy infantry and chasaews d pied: both of these systems have been in use in 
our service for some years, the former having been translated by Gen. Scott, and the latter 
by Col. Hardee. After the introduction of the latter drill in our service, in connection 
with Gen. Scorr^s Tactics, there arose the necessity of a unifoim system for the manoeu- 
vres of all the in&ntry arm of the service. These volumes are the result of the author's 
endeavor to communicate the instruction, now used and adopted in the army, to achieve 
this result" — Bo«ton Journal, 

"" Based on the best precedents, adapted to the novel requirements of the art of war, and 
very fUlI in its instructions, Gisey's Tactics will be received as the most useltil and most 
comprehensive work of its kind in our language. From the drill and discipline of the in 
dividual soldier, or through all the various combinations, to the manoeuvres of a brigade 
and the evolutions of a Corps D^Arm^e, the student is advanced by a clear method and 
steady ^rogreas. Numerous cats, plims, and diagrams illustrate positions and movements, 
and demonstrate to the eye the exact working out of the individual x>oBition, brigading, or- 
der of battle, &c, &c. The work is a model of publishing success, being in three neat 
pocket volumes.^ — 2^ew Yorker. 

Wab Bxpabticknt, Washington, Atti^tut 11, 18<S2. 

The System of In&ntry Tactics prepared by Brig.-Gen. SiUa Casey, XT. S. A., having 
been ap))roved by the President, is adopted for the instruction of the Infantry of the Ar- 
mies of the IToited States, whether Begular, Volunteer, or Militia, with the following modi 
flcations, viz. : 

^irst. That portion which requires that two companies shall be permanently detached 
from the battalion as skirmishers, will be suspended. 

Second, In Title First, Article First, the following will be substitnted for Paragraph fi, 
viz.: 

** A regiment is composed of ten companies, which will be habitually posted from right 
to left in the following order; first, sixth, fourth, ninth, third, eighth, fifth, tenth, seventh, 
second, according to the rank of Captain." EDWIN M. STANTON, 

Stretary </ Wvr, 
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RMY Officers' Pocket Companion. 



Principally designed for Staff Officers in the Field. ^ Partly translated 
from the French of M. db Rouvue, Lieutenant-Colonel of the 
French Suff Corps^ with Additions from standard American^ 
French, and English Authorities. By Wm. P. Craighill, First 
Lieutenant U. S. Corps of Engineers, Assist. Prof, of Engineer- 
ing at the U. S. Military Academy, West Point, i vol., i8mo, 
full roan. $i 50. 
** I hAve carelVilly examined C^>t CEAxaHiu^a Pocket Companion. I find it one of the 
Tery beat worka of the kind I have ever aeeo. Any Army or YolQnteer offico' who will 
make hlmielf acquainted with the oontenta of thia little book, will seldom be ignorant of 

hia datiea in camp or field."* 

H. W. Hallbck, Mi^or-General U. 8. A. 

** I have carefully examined the ' Manual for BtalT Offloera in the Field.' It la n moat in> 

Talaable work, admirable in airangement, perapieaonsly written, abounding in moat naefVil 

ma tera, and anch a book aa should be the constant pocket companion of every army officer, 

Rejfular and Tolonteer.* 

O. W. Cinxuic, Brlgadier-Oeneral U. 8. A. 

Ohief of General Ualleck'a Btali; Chief Engineer Department Missiaaip]^ 

1V4^ANUAL FOR ENGINEER TrOOPS. 

Consisting of 

Part L Ponton Drill. 

IL Practical Operations of a Siege. 
IIL School of the Sap. 
IV. Miliury Mining. 
V. Construction of Batteries. 
By Major J. C. Duane, Corps of Engineers, U. S. Army, i vol., 
l2mo, half morocco, with plates. 1 2. 

»* I have carefully examined Capt J. C. Doane's ' Manual for Engineer Troopa,' and do not 
hesitate to pronounce it the very best work on the subject of which it treats."* 

H. W. Hallsck, Mi^or-General, U. 8. A. 
** A work of this kind haa been much needed in our military literatarc. For the army^ 
Bake, I hope the book will have a wide drcuhttion among its officers." 

6. B. HoCuELLAV, MiO<"'-€l«>Msn], U. S. A. 
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TELE'S Hand-book. 



Hand-Book for Active Service, containing Practical Instructions in 
Campaign Duties. For the use of Volunteers. By Brig. -Gen. 
£gb£rt L. Vielb, U. S. A. iirno, clotL 9i. 



D. VAN NOSTlUirD's PUBLICATIONS. 



T 



HE Automaton Regiment; or. Infan- 
try Soldiers' Practical Instructor. 



For all Reg^ental Movements in the Field. By G. Douglas Brewer- 
ton, U. S. Army. Neariy put up in boxes, price $i ; when 
sent by mail, $i. 40. 

The **Aatomaton Begimenr is » simple combination of blocks and coanicra, so 
arranged and designated by a carefhlly considered contrast of colors, that it supplies the 
student with a perfect miniature regiment, in which the position in the battalion of each 
oompaoj, and of ercry officer and man in each division, company, platoon, and section, is 
clearly indicated. It supplies the studious soldier with the means whereby he can con- 
sult his *^ tactics,^ and at the same time join practice to theory by manoeuvring a mimic 
re^ment. 

HXAD-QUAKIXBa, MiLITABT GOVBBNOB, ) 

Department of the South, V' 

Beaufort, South Carolina, Oct. 2l8t, 1862. ) 

I hereby certify that I haye examined the ** Automaton B^ment,^^ invented by O 
Douglas Brewerton, late of the U. 8. Begular Army, and now serving as a Volunteer Aidi 
upon my military staff, and believe that his invention will prove a usefbl and valuable 
assistant to eveiy student <tf military tactics. I take pleasure in raoommendlng it accord- 
ingly. B. SAXTON, 

Briff.-Oen&'al^ Volunteen. 
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HE Automaton Company ; or. Infan- 
try Soldiers' Practical Instructor. 



For all Company Movements in the Field. By G. Douglas Brewer- 
ton^ U. S. A. Price in boxes, 1 1.25 ; when sent by mail, $1.95. 
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HE Automaton Battery ; or, Artil 
LERisTS' Practical Instructor. 



For all Mounted Artillery Manoeuvres in the Field. By G. Douglas 
Brewerton, U. S. A. Price in boxes, ti ; when sent b) 
mail, $1. 40. 



Ok VAM MMTKAmii 



O YSTEMS OF Military ' Bridges^ 

In Use bf the United States Anny; those adopted by the Great £a- 
ropeanPoweis; and sodi as are cn^dyed in Biitish India. With 
D ir ection s for the Preserration, Destractioii, and Re-establish- 
ment of Bridges. Bj Bng.-General GEoacB W. Cdixdm, Lieut.- 
CoL Corps of Eng^neersy United Sutes Army, i voL, ocuvo. 
With nnmetoas Dlostratioos. (3-50. 



* It te A trite remark Oat of lU the opentiOM of trar bom Is man dUBealt and hazard- 
n-m ttaa tba paaaaga of a larga rircr In Um pwaawca of *bold and actfre eiiemj. The 
Importaooe to tUa eatontrf of loch a vork aa the pnaent, whea our annioa hare to paaa 
m aaaay ^i tiat riTOta, cannot be orer cattmated. We bare no man more eompetent to i>re- 
l«wa aneh a work tiaa Bri ^a dl ci Q e>e r al CnUnm, who had the atanoet exdaaive aopervi- 
•taOi devWng, building; and preparing Ibr aarriee of the Tariooa bridge-trains sent to our 
armlaa in Mexieo during onr war with tiMt eoontry. The tmatlae befcre ns is rerj torn- 
It'etmt and baa eridentlj been pfeparad with aenqialoaa care. The deaeriptioDB of the 
\ irions ayatems of military bridgea adopted by nearly all dvlliaed nations are very into* 
resting erea to thenoa^irofBaBiooa] reader, and to thoae apedaUy tntereated in each sobjeoli 
most be very instmetiTe, for they sre evidently the work of n master of the art of military 
b.-idge-ba11ding."*1F2uUii^ftMft CkronicU, 
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ilitary and political life of the 
Emperor Napoleon. 



By Baron Jomini, General-in-Chief and Aide-de-camp to the Emperor 
of Russia. Transkted from the French, with notes, by H. W. 
Halleck, LL. D., Major-General U. S. Army. 4 vols.. Royal 
octavo. Fully Illustrated by Maps and Plans. In press 



D 



elafield's Report. 



Report on the Art of War in Europe in 1854, 1855, and 1856. By 
Col. R. Delafield, Corps of Enjnneers U. S. A. 1 voL folio, 
cloth. With maps and views, i^. 



D. VAN NOSTRAND's PUBUCATIONS. 



E 



VOLUTIONS OF FlELD BaTTERIES OF AR- 
TILLERY.' 



Translated from the French, and arranged for the Army and Militia 
of the United States. By Gen. Robeut Anderson, U. S. A. 
Published by order of the War Department, i vol., cloth, 32 
plates. $1. 

Wab Depabtmsnt, Nov, 2d, 1860. 

The SjBtem of ** Evolutions of Field Batteries,*^ txanslated from the French, and arrang- 
ed for the servioe of the United Statea, hy Mi^or Bobert Anderson, of the let Begiment of 
Artillery, having been approved hy the President, is published for the information and gov- 
ernment of the army. 

All Evolutions of Field Batteries not emlvaoed in this system are prohibited, and those 

herein prescribed will be strictly observed. 

J. B. FLOYD. Secretary qf War, 

**Thi8 system having been adopted by the War Department, is to the artillerist what 
Hardee's Tactics is to the inftntry soldier; the want of a work like this has been seriously 
ISalt, and will be eagerly wetoomed."^—- XotMn>iZ2e Jaurfuxl, 
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TANDiNG Orders of the Seventh Regi- 
ment, National Guard. 

For the Regulation and Government of the Regiment in the Field 
or in Quarters. By A. Duryee, Colonel. New Edition, flex- 
ible cloth. 40 cents. 

**This, whidi is a new edition of a popular work, cannot fiiil to be eagerly sought after 
as presenting clearly and succinctly the principles (tf organization and discipline of a most 
favorite corps. An appropriate index fiicilitates reference to the matter of the volume.'*-— 
y<nv T&rker. 
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iGHT Infantry Company and Skirmish 
Drill. 

The Company Drill of the Infimtry of the line, together with the 
Skirmish Drill of the Company and Battalion, after the method 
of General Le Louterel. Bayonet Fencing ; with a Supple- 
ment on the Handling and Service of Light Infantry. By J. 
Monroe, Colonel zzd Regiment, N. G., N- Y. S. M., former- 
ly Captain U. S. In&ntry. 1 vol., 32mo. 60 cents. 
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ANUAL OF Instructions for Military 
Surgeons, 



In the Examination of Recruits and Discharge of Soldiers. With an 
Appendix containing the Official Reguktions of the Provost Mar- 
shal General's Bureau, and those for the formation of the Invalid 
Corps, &c., &c. Prepared at the request of the United States 
Sanitary Conunission. By John Ordronaux, M. D., Professor 
of Medical Jurisprudence in Columbia College, New York, 
1 2mo. Half morocco. 1 1. 5a 

** The aatluMr haa drawn bia materials from the beal aeeredtted MHireea of inlamiatf on 
and the highest aathorttiea in both hemiaphere^ He seleets Fianoe and Fknasia, at the 
repreaentatiye military nationB of Europe, and he has adopted aa eloeely as possible their 
order of instniction on the sal^ects of the enlistments and diseharges ot soldiers; and, In 
the form of an A.ppendix, he has embodied the Code of Instmetions relating to the 17. & 
Army, sdopted by the Board of Medloal Offloers, conTened at Washington for that purpoaeii 
on the I6U1 of AfMil, 1848, to which are also added the Begolatlons governing the fwmn- 
tion of oar Inyalid Corps. Nothing of importance to«nny soi^geona has been omitted."'— 
Army cmd yarnjf Oatitte, 

" In a condensed form it is an admlnhle treatise on the Important snlijeets of whldi ft 
treats. The author has aimed to be brief without being obaenre, to omit nothing of real 
Importance, and to draw his materials from the best sooroes. He treats of the physical dis- 
ablUties which have relation to the militaiy serrice, and of these alone. Medical Exami- 
ners are iDstmcted in their dntiea» and the method of diwMTering feigned, artificially pro« 
duoed, and concealed diseases is pointed out The book will prove valuable to all who are 
oonoemed in the manipalatlon of recruits or conscripts. An Appendix contains official 
regulations and instructions relative to the Provost-Marshal*s office, the Invalid Gorp!^ 
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INTS ON THE PRESERVATION OF HeALTH 

IN Armirs* 



For the use of Volunteer Officers and Soldiers, By John Ordriinaux, 
M. D. New edition, i8mo, cloth. 50 cents. 



o. VAN nostrand's pvbucatxcns. 



JLTeavy Artillery Tactics.— 1863. 

Instruction for Heavy Artillery ; prepared by a Board of Officers, for 
the use of the Army of the United Sutes. With service of a 
gun mounted on an iron carriage. In one volume, 1 2mo, with 
numerous illustrations. Price $2. 

** Wab DspABTMKinr, ) 

" Washiicgton, D.C, Oct. 20, 1862. f 
•TMb system of Heavy Artillery Tactics, prepared under direction of the "War Depart- 
ment, having been ai^roved by the Preaident, is adopted for the instmetion of troops 
when acting as heavy artillery." 

EDWIN M. STANTON, 

Secretary of War. 

^ We presume that this is the most complete treatise on Heavy Artillery that has ever been 
pabliahed in this or any other country. It seems to take in every thing bearing on the 
subject, and its instructions are ample and exceedingly clear. Some forty illustrative 
phites are given, and the text is clearly and legibly printed.''— i^. T. C<mm«rciaZ Ad9€r- 
Hner. 

**■ This volume, prepared under the direction of the War Department and officially adopt- 
ed aa the code of artillery instruction for the public service, like all Van Nostrand's mil- 
itary publications, is got up 'in the most substantial and elegant style both of printing and 
binding. Its contents are evidently the work of thorough practical and scientific military 
engineers, and embfaoe all the important as well as minute details of heavy artillery prac- 
tice. 

**Tbe First Part consists of sixteen lessons relating to the service of the single piece, in 
eluding the gun, howitza*, mortar, and columbiad ; also the formation of batteries, the art 
of aiming pieces and firing hot-shot Part Seecmd relates entirely to mechanical mancBu- 
vres and applianoest for handling, mounting, dismounting, and transporting heavy pieces. 
Part Third is of a miscellaneous character, containing directions ibr embarking and disem- 
barking artillery and ordnance stores; also, tables ot dimensions and weights of guns, car- 
iagea, shot, shell, machines, and implements, with charges for and ranges of heavy artil- 
lery. These instructions are not only copious in detail, but aptiy illustrated with thirty- 
nine elegant steel-plate engravings."-".BuU0fln. 
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S. Tactics por Colored Troops. 



U. S. Infantry Tactics, for the Instructiony Exerdse^ and Manoeuvres 
of the Soldier, a Company, Line of Skirmishers, and Battalion, 
for the use of the Colored Troops of the United States Infiintry. 
Prepared under the direction of the War Department. 1 volume, 
plates, $1.50. 

"War Dbpartmkvt, WASiii>fOTON, March 9, 1968. 
**Thid system of United States Infantry Tactics, prepared under the direction of the War 
Department, for the use of the Colore<l Tnxips of the United States Infantry, having been 
apiNt>ved by the PresideBt, is adopted for the instruction of such troops." 

EDWIN M. STANTON, Secretary of War. 
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D. VAN NOmtAND^S PUBLICATIONS. 

word-Play. 



The Militiaman's Manual and Sword-Plaj without a Master. — Rapier 
and Broad-Sword Exercises copiously Explained and Illustrated; 
Small- Arm Light In&ntry Drill of the United States Army ; 
Inhntry Manual of Percussion Muskets ; Company Drill of die 
United Sates Cavalry. By Major M. W. Berriman, engaged 
for the last thirty years in the practical instruction of MUitary 
Students. Second edition, i voL, 1 2mo, red cloth. $i. 

MQitptaiii BeninuHi hM had thirty yean* exporienoo in taachiag miUtaiy 8tiideata,iuid 
hit work iM written in & elniple, eleer, end eoldlerlj style. It is illustrated with twelve 
plates, sad la one of the cheapest and most oomplete woika of the kind pabUshed in tfaJa 
eonntiT."— iTew Tork Wi»rUL 

** This work will be fovnA very Taloable to all persons seeking military instnidJ<Hi; but 
It reoommends Itself most especially to officers, and those who hare to use the sword or 
■sbre. We belleTC it is the only wo^ on the nse of the sword publiahed in this country." 
— ilTMO Tark TahUL 

*^It Is a work <rf obvions merit and Talne.*— iftwftm TWieetter. 
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System of Target Practice. 



For the use of Troops when armed with the Musket, Rifle-Musket, 
Rifle, or Carbine. Prepared, principally from the French, by 
Captain Henry Heth, loth Infantry, U. S. A. i8mo, doth. 
50 cents. 

•*Wa» DxPAJEmRT, I 

*" Washington, March l§t, 1858. f 

'*The System of Taiget Practioe, prepared under direction of the War Department by 
Gq>tain Henry Heth, 10th Inlkntry, having been approved, is adopted for the inatroctlan 
of troops when armed with the musket, rifle^moaket, rifle, or carbine." 

John B. Flotd, Seoretary 9f ITor. 



OcHOOL OF THE GuiDES. 

Designed for the use of the Militia of the United States. Flezibie 
cloth. 50 cents. 

'"This excellent c(»npilation condenses into a compass of lees than sixty pages all the 
instraction necessary for the gaides, and the information being disconnected with othw 
matters, is more readily referred to and more easily acquired.^* — Louisville JoumaL 

**It has received high praise, and will prove of great service in petftoting the drill of our 
ICilitia."— iT. Amertaan and U: S GimetU, IWZ. 
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OLAN's System for Training Cavalry 
Horses. 

By Kenner Garrard, Captain Fifth tavalry, U. S. A. i vol., i2mo, 
cloth. 24 Lithographed plates . $1.50. 

• • • ** We are glad when competent men bring forward works tliat are Intended to 
fiicilitate the formation of an eifectlTe oaraby fiirce. Of this chiM to Nolan^9 8y9tem /or 
TYaining CawUry Horten^ prepared for use In this oountrj, by Captain Kenner Garrard, 
U. ti. A. Captain Nolan was dlstingnisbed in the British service for his knowledge of the 
«avahy arm, and for his general talents. As the work had become out of print, Captain 
Garrard has done well in reprodacing it: he has added to it a chapter on Barey's Method 
of Training Horses, and another on Horse Shoeing. The volume Is well Illustrated. It 
cannot be too .warmly commended to general use." — Boston DaUf JPvoning 7Vw>eU«r, 
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usTRiAN Infantry Tactics. 



Evolutions of the Line as practised by the Auftrian Infantry, and 
adopted in 1853. Translated by Capt. C. M. Wilcox, Seventh 
Regiment, U. S. Infantry. 1 vol., i2mo. Three large plates, 
cloth, ii. 

**The movements of armies engaged in battle h&ve often been compared to those of 
the chess-board, and we cannot doubt that there are certain principles of tactics in actual 
war as in that game, which may determine the result independently, in a great measure, 
of the personal strength and courage of the men engaged. The difference between these 
principles as applied in the American Army and in the Austrian, is so wide as to have 
suggested the translation of the work before us, which contains the whole result ci the 
famous Field-liarshal Radktzkt^b experience for twenty-five years, while In supreme 
command in Italy.**— 'ilTets York Conturp. 
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HYMED Tactics, by " Gov. 



)> 



1 vol., i8mo, paoer. With portraits. 25 cents. 

** It will strike the military man, fkmiliar with the tedious routine of drill, by theory, 
practice, and memory, as a most unique and valuable method of strengthening the latter, 
with the least mental exertion. The author is a thorough soldier, and his ability as a 
rhymester will be conceded by any intelligent reader/'* — ITew York Leader. 

*'• Our author deserves great credit for the ingenuity he has displayed in putting into 
verse a Manual which would at first glance seem to di^fy the most persistent efforts of the 
rhymer. The book contains a number of illustrations representing some of the mora 
dilBcnlt positions, in the figures of which portraits of several promiaant officers of th* 
Vew York Volunteers may be recognized.*'— J^«c# York TVmM 
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REATISE ON GrAND MILITARY OPERATIONS. 



IHastratcd hj a Critical and Militiiy History of the Wars of Frederick 
the Great. With a samnuuy of the most important principles 
of the Art of War. Bv Baron db Jomini. Illustrated by Maps 
and Plans. Translated from the French, by CoL S. B. Hola- 
■nu>, A. D. C, U. S. Army. In two vok., ocuvo. In press 
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isTORY OF West Point. 



And its Military Importance during the American Revolution ; and the 
Origin and Progress of the United Sutes Military Academy. By 
Captain Edward C. Boynton, A. M., Adjutant of the Military 
Academy. With numerous Maps and Engravings, i voL, octavo. 
Blue cloth, $5.oa 
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ilitary Bridges, 



For the Passage of Infantry, Artillery, and Baggage-Trains ; with sug- 
gestions of many new expedients and constructions for crossing 
streams and chasms ; designed to utilize the resources ordinarily 
at command and reduce the amount and cost of army transporta* 
don. Including also designs for Trestle and Truss Bridges for 
Military Railroads, adapted especially to the wants of the Ser^ 
vice of the United States. By Herman Haupt, Brig.-Gen. in 
charge of the construction and operation of the U. S. Military 
Railways, Author of *' General Theory of Bridge Construction^ 
Sec,'* With 300 Plates and lUustradons. Octavo. 



13 eport of the engineer and artillery 
Operations of the Army of the Po- 
tomac, 

From its Organizadon to the close of the Peninsular Campaign. By 
Brig.-Gen. J. G. Barnard, and other Engineer Officers, and 
Brig.-Gen. W. F. Barry, Chief of Artillery. Illustrated by 
numerous Maps, Plans, &c. Octavo. $3.50. 
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CllEGE OF BOMARSUND (1854). 



Journals of Operations of the Artillery and Engineers. Published 
by permission of the Minister of War. Illustrated by Maps 
and plans. Translated from the French by an Army Officer. 
1 vol., i2mo, cloth. 75 cents. 

"^ To mlUtarj men this little volume is of special interest It contains a translation by 
an officer of the United States Army, of the Journal of operations by the artillery and en* 
gineers at the siege of Bomarsnnd in 1864, published by permission of the French Minister 
of War in the Journal de» Armds» upeeicUw et ds VBUit Mc0or. The aooonnt of the 
same snocessfal attack, given by Sir Howard Douglas in the new edlti<Hi of his work oa 
Gunnery, is appended ; and the narrative Is illustrated by elaborate maps and plana.'' — 
Jfew Tart Paper. 
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AXiMs AND Instructions on the Art 
OF War. 



Maxims, Advice, and Instruction on the Art of War ; or, A Prac- 
tical Military Guide for the use of Soldiers of all Arms and of 
all Countries. Translated from the French by Captain Lendy, 
Director of the Practical Military College, late of the French 
Staff, etc., etc. i vol., i8mo, cloth. 75 cents. 

"We do not pretend to much military soieBoe, but we have found this small volume easy 
to understand and interesting to read. It is compiled from old works, but is adapted to 
new notions and improvements, and it give« in a nut-shell a general idea of the whole busi- 
ness of war. Some men who have always maintained * Quaker^ principles, and who have 
never studied the trade and mystery of fighting, find it difficult to oomprehend the various 
strategic movements that are chronicled firom day to day in the newspapers. These men 
should look into the subject of war, and we advise them, as a beginning, to read this book. 
It will probably help their dondy i)eroeptions, and enable them to see clearly the mean- 
ing of military operations, which now they cannot understand.^— iVoi^«nc« Journal. 
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OTES ON Sea-Coast Defence : 



Consisting of -Sea-Coast Fortification; the Fifteen-Inch Gun; and 
Casemate Embrasure, By Gen. J. G. Barnard, Corps of En- 
gineers, U. S. A. 1 vol., 8vo, cloth, plates. |i 50. 

^*This small volume by one of the most accomplished officers in the United States 
service is especially valuable at this time. Concisely and thui-oughly Major Barnard dis- 
cusses the subjects included in this volume, and gives information that will be read with 
great profit by military men, and by all interested in the art of war as a defensive fbree.'"— 
N$tB York Oomm$roial, 
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ANUAL FOR QUARTERMASTERS AND CqM 
MISSARIES. 



Containing Instrucdons in the Preparation of Vouchers, Abstracts, 
Returns, &c., embracing all the recent changes in the Army 
Regulations, together with instructions respecting Taxation of 
Salaries, etc. By Captain R. F. Hunter, late of the U. S. 
Army. i2mo, cloth. $i, 

** TUB l8 ft oompeadloiu Tolame of 119 pftgea, oontainlag ft large ftmonnt of aseM infor- 
mfttion in ft snudl oompawk The direetiom for making up tho ftbatracts and returns of the 
Qaartennaater*s and CommlBeBiy^s departments will afford great facilities to persons charg- 
ed with those duties ; and aa this is the only work in existence which is devoted to these 
particular objects, and as the aooonnts of Qnartermastera and Commissaries are sabjected 
to the most rigid semtinjr, this Manual snppU'es a want which has long been experienced 
and sensibly felt by those for whose use and particular benefit the book is intended. Tho 
arrangement of the matter is extremely penpionons, and the explanations are complete and 
easUy understood.^— ^rmy and Kaioy Oaaette^ 

**This is the only work of the kind extant It is based on the latest regulations of the 
War Department, and will be regarded as anthori^ by those officers for whose use it is 
designed.''— 5ti<urc(ay JR^eiUnff OasetU, 



A RMY Pay Digest, and Ready Calcula- 
tor; OR, Regimental Pay Table. 

Compiled by Major Ezra Webb. Octavo, cloth. $2. 

** A complete eondensatlon of the military laws and general army orders, as relates to pay 
emoluments, Ac, In the United States Army, fi-om the commencement of the Bebellion lo 
the present time— an inralnable companion to paymasters as well as to all officers and sol- 
diers In our armies. It is desirable to every one interested in the pay of the army or seek- 
ing information on the subject (including pensions, claims against the United States and 
mode of procedure), saving, as it will, a great amount of research, putting very desirable 
information within the reach of every one. All may see at a glance the pay of officers (in - 
eluding subsistence, forage, servants and their clothing, transportation, fhel, and quarters) 
and men of all arms and grades per day or days, month or months; the organization c^the 
army, from *■ the company^ to the * corps d* arm6e/ Indeed, it is emphatically the book 
for the times ; and a copy shottld be in the bands of every man in fha army, as also bank- 
ers, eontraetors, claim agents, Ac'^—yew York Herald. 
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iFLES AND Rifle Practice, 



An Elementary Treatise on the Theory of Rifle Firing ; explaining 
the causes of Inaccuracy of Fire and the manner of correcting it ; 
with descriptions of the In^try Rifles of Europe and the Uni- 
ted States, their Balls and Cartridges. By Capt. C. M. Wil- 
cox, U. S. A- New edition, with engravings and cuts. Green 
cloth, $1.75. 

** Although eminently a sdentiflo work, speeial care eeems to hare been taken to avoid 
the use of technical terma, and to make the whole sabject readily comprehensible to the 
practical enqairer. It waa designed chiefly for the use of Yolnnteers and the Militia : bat 
the War Department has evinoed its approval of its merits by ordering from the pub- 
lisher one thousand copies for the use of the United States Army.^ — LouUvilU JbumaL 

**■ The book will be found intensely interesting to all who are watching the changes in the 
art of war arising from the introduction of the new rifled armSb We recommend to our 
readws to buy the book.*^ — MUiUiry OametU, 

^ A most valuable treatise.''— JTato York Herald, 

**This book is quite original in its character. That character is completeness. It ren- 
ders a study of most of the works on the rifle that have been published quite unnecessary. 
We cordially recommend the book.*'— United Seroics GanetUy London, 

"The work being in all its parts derived fh>m the best sources, is of the highest author- 
ity, and will be accepted as the standard on the subject of which it treats.''— JV«to Yorker, 
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EW Bayonet Exercise. 



A New Manual of the Bayonet, for the Army and Militia of the 
United States. By Colonel J. C. Kelton, U. S. A. With 
thirty beautifully-engraved plates. Red cloth, ti.75. 

This Manual was prepared for the use of the Corps of Cadets, and has been introduced 
at the Military Academy with satiB&otory results. It is simply the theory of the attack 
and defence of the sword applied to the bayonet, on the authority of men skilled in the 
use of arms. 

The Manual contains practical lessons in Fendng, and prescribes tiie defenee against 
Cavalry, and the uuumer of conducting a contest with a Swordsman. 

^ This work merits a &vorable reception at the hands of all mllitiMT men. It contains 
all the Instruction necessary to enable an officer to drill his men in the use of this weapon. 
The introduction of the Sabre Bayonet in our army renders a knowledge of the exercise 
more imperatiTe."^^«ie York Timet, 



I^Tew Manual of Sword and Sabre Ex- 

ERCISE. 
By Colonel J. C. Kelton, U. S. A. Thirty plates. In press. 



D. VAN NOSTRAND's PUBUCATIOKS. 



'T^HE War in the United States. 

A Report to the Swiss Military Department. Preceded by a Dis^ 
course to the Federal Miliury Society assembled at Berne, Aug. 
i8y 1862* By Femunand Lecomte, Lieut -Col. Swiss Confed^ 
eration . Author of " Relation Historique et Critique de la Cam- 
pagned'Iulie en 1859," "L'ltalieen 1860/* and "Le Ge- 
neral Jomini, sa Vie, et ses Ecrits," etc., etc. Translated from 
the French by a SCaff Officer. 1 vol., i2mo. $1. 

**BetarDl]ig to Switzerland from a campaign authorized by the Swiss Military Depart' 
ment, CoL Leoomte addressed a disconrse to the Federal Military Society, at Berne, in 
which he stated yery clearly and concisely the oireamstanoes leading to the present war, 
the Ritoation of the country at the time of the commencement of the troubles, and the 
progress of events up very nearly to the present time. 

^ In his quality of a Swiss federal officer, CoL Lecomte, bearing the recommendatioiis of 
the Federal Military Department of Switzerland, of Mr. Fogg, Ambassador of the U. S. at 
Berne, and of others, was well received by Mr. Seward, Secretary of State, and by General 
McGlellan, and by the Swiss Consul at New York. Oeneral McClellan, at Washington 
attached him to his staff as a voluntary aide-de-camp, he retaining his Swiss rank of Major, 
and with the condition of being able at any time to return to his country, should he ^ 
called thither by his government He met on that staff with other European officers, oc- 
cupying that position on the same terms with himself. So that he had good opportunities 
of being informed on the merits of the war, and the manner of its conduct, and being an 
intelligent man, as this report demonstrates, he made the most of that opportunity. 

**• He very lucidly describes the theatre of the war, statistically and geographically, the 
parties in the strife and their relations to each other ; the causes of the war; the earUest 
hostilities; tiie relative strength of the armies; the principal military acta, from Big Bethel 
onwards; the armament, equipment, clothing, materials, subsistence, &c., of the service; 
armored vessels and their transactions ; his own personal impressions in regard to the de- 
fects of the American Army, kc Then there is a supplementary report of great interest, 
describing the later events of the autiior^s observation and experience : the whole making 
one of the most valoable contributions to the literary history of the war we have had.^— 
Jlig}ris«. 



T 



HE Law OF Freedom and Bondage in 
THE United States. 

By John Codman Hurd, Counsellor at Law. 2 vols., octavo. Price, 
bound in cloth, I7. Law sheep, 18. 

" Mr. Hurd has completed a work which must take its place as the standard authority in 
the branch of Law to which It relates. It is strictly a legal work, committed to no theory^ 
designed to sustain no individual phase of opinion, but compriiiing an outline of the entire 
legislation, constitutional and statutory of the general government and the individual states 
on the subject of slavery, with an analysis of all the legal decisions and Judicial dicta grow- 
ing out of such legislation.^ — Iforth American Hevi&io. •* 
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HE ^^C. S, A.," AND THE BaTTLE OF 

Bull Run. 

(A Letter to an English friend), by J. G. Barnard, Lt.-Col. of Engi- 
neers, U. S. A., Brigadier-General and Chief Engineer, Army 
of the Potomac. With five maps, i vol., 8 vo, cloth. $i 50. 

**This book was began by the author as a letter to a friend in England, bat as he pro- 
ceeded and his MSS. increased in magnitade, he changed his original plan, and the book 
is the result General Barnard gives bj tar the best, most comprehensible, and complete 
account of the Battie of Bull Bun we have seen. It is illustrated by some beautifully drawn 
mapt<, prepared for the War Department by the topographical engineers. He demonstrates 
to a certainty that but for the causeless {MUiic the day might not have been lost The 
author writes with vigor and earnestness, and has contributed one of the most valuable re- 
eords yet published of the history of the war.*" — Boston Commercial BuUetin, 

**The work is deafly written, and can but leave the impression upon every reader^s 
mind that it is truth. We commend it to the perusal of every one who wants an intelli- 
gent, truthftal, and graphic description of the * C. S. A.,^ and the Battle of Bull Bun.''^— ^«to 
York Obwrvtr, 
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HE Political and Military History 
OF THE Campaign of Waterloo. 



Translated from the French of General Baron de Jomini. By 
Capt. S. V. Benet, U. S. Ordnance. 1 voL, i2mo, cloth. 
Third edition. $1.25, 

** Baron Jomini has the reputation of being one of the greatest military historians and 
critics of the century. His merits have been recognized by the highest military authori- 
ties in Europe, and were rewarded in a conspicuous manner by the greatest military power 
in ChristendouL He learned the art of war in the school of experience, the best and only 
finishing school of the soldier. He served with distinction in nearly all the campaigns of 
Napoleon, and it was mainly from the gigantic military operations of this matchless mas- 
ter of the art that he was enabled to discover its true principles, and to ascertain the best 
means of their appUoation to the infinity of combinations which actual war presents. 
Jomini criticises the details of Waterloo with great science, and yet in a manner that 
interests the general reader as well as the professional"— ^eto York WortcL 

" This book by Jomini, though forming the twenty-second chapter of his ' Life of Na- 
poleon,^ is really a unit in itself and forms a complete summary of the campaign. It is 
an interesting volume, and deserves a place in the affections of all who would be accom? 
plished military meiL^—I^ew York THmes. 

^The present volume Is the concluding portion of his great work, 'Vie Politique et 
Militaire de Napoleon,^ published in 1826. Capt Benet's translation of it has been for 
some time before the public, and has now reached a second edition ; it is very ably exe- 
cuted, and forms a work which will always be interesting, especially so at a time when 
military afbirs are uppermost in the public mlnd.-^PMladslpMa North American, 
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Treatise on the Camp and March. 



With which is connected the Construction of Field Worb and Mili- 
tary Bridges ; with an Appendix of Artillery Ranges, &c. For 
the use of Volunteers and Militia in the United States. By 
Captain Henry D. Grapton, U. S. A. l voL, i2ino, cloth. 
75 ce^t8. 
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UNNERY IN 1858. 



A Treatise on Rifles, Cannon, and Sporting Arms. By Wm. GREENiat, 

*C. £• I vol., 8vo, cloth. S3. Full calf, $4 50. 
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ANUAL OF Heavy Artillery. 



For the use of Volunteers. 1 vol., i2mo, red cloth. 75 cents. 

** Bhonld be In the hands of every Artillerist.''—^ 7. JttnHrated News. 

**Thi8 is a concise and well-prepared Manaal, adapted to the wants of Volunteers. The 
tnstmction which is of an Important nature, is presented in a simple and clear style, such 
as will be easllj understood. The volume is also illustrated with explanatory cuts and 
drawings. It Is a work of practical value, and one needed at the prese&t time in the ser- 
vice.''— ^osfofft OtmfMrcial BuUetin. 



H 



iNTs TO Company Officers on their 
Military Duties. 



By Capt. C. C. Andrews, 3d Regt* Minnesota Vols. 1 vol, i8mo, 
cloth. 50 cents. 

« This is a hand-book of good practical advice, which officers of all ranks may study with 
advantage.''— PWto<2«^pWa Preu. 

** This little volume contains many valuable suggestions, and conveys not a litUe im> 
portant practical information to military men. It should be read and its precepts remem- 
bered by every young officer."— CWnoitmoii Daily Gaaetts, 

"We wish it could be read and studied by all having men under their command,"— 
JV. r. Commercial AdDertiw. 
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Treatise on Military Surveying. 



Theoretical and Practical, inclading a deacriptioix of Surveying In- 
struments. By G. H. Mendbll, Captain of £ng;ineer8. i voL 
8vo» with numerous Illustrations, $2.00. 
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lEBER ON Guerilla Parties. 



Guerilla Parties considered with reference to the Jjaws and Usages of 
War. Written at the request of Major-Gen. Henry W. Hal- 
LECK, General-in-Chief of the Army of the United Sutes. By 
Francis L4E«br. izmo, paper. 25 cents. 
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nstructions for the Government of 
Armies of the U. S. in the Field, 



Prepared by Francis Liesbr, LL. D., and revised by a Bo^rd of 
Officers, and approved by the War Department, in General Or- 
der, No. 100, 1 smo. Price 25 cents paper covers. Red cloth^ 
50 cents. 



Alphabetical Army Register, 1863. 

Giving the Names, Date of present and original Commissions, Rank, 
Place of Nativity, and from whence appointed, of all the Officers 
of the United States Army, as shown by the official Army Re^ 
ter for 1863. Octavo. 50 cents. 
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H 



ALLECK's International Law. 



Intemadoiial Law ; or» Rulct Regulating the Intercoone of States in 
Peace and War. By Major-Gen. H. W. Hallbck, Command- 
ing the Army, l voL, Svo, law sheep. • t6« 



**Iii preptrina thli work «b the Iftwt of war, Gob. HaUoek ftppoan to 1»to buuIo a Tory 
oxtended reoeorch among Uie snthorittet. His dtatlono range throimli most ot the wrtton 
and deotalons tonehlng upon onoh sabjoeta, fadwUng the leading Snropeea pnblteista, for 
eentarlea book. His noe of onthwltioe la yaloable, also, »s betng not only legal, but hUtor« 
ioaL Upon points of milttaiy nsage ho dtea examples from Mstoiy freeljr and with effeot 
refbrrlag not only to the modern military hiBloilami bat even going bo(^ to the ndUtaqr 
daja <tt Borne and Oreeee. 

** General Hallock q^peara to hare thorooc^y digested the whole range of topics nideh 
he has to oonstdar, and Itona Uao^nioaa with Judgment, and o xpt oase s them ciosrly and 
briery***— AotoM Jtmmai. 

* Gen. Halleck has been engaged many jears on the compilation of this work ; in ibct 
he began collecting the materials for it dnring the Mexican War, and has sIbco been 
diligently adding to them, and the result of his labors is embodied in the rolume beforo 
nSb The attentiyo pemsal of a woric of this description would demand tur more time than 
we could give it ; and, alter all, the tme value of it ean only be ascertained with certainty 
by the test of constant consultation, as cases of international law arise. We do not, on a 
hasty' glance, pereetro tiiat General HaUeok advanoes any new^^inions of his own on any 
of the manj rexed questions In this most difficult department <^ jurisprudence, but wo 
notice OTidenoe of Indeiitigable labor and of pains-taking reference to the best authoritiea, 
which must glye his work, at all eventa, the yalue of a fidtlifni comi>endinm. He gives a 
hcNit of authorities for every doctrine that is laid down, and dtes not merely from the 
most eminent jurists, sudi as Wheaton, Kent, Story, Stowell, Bynksrschoeck, Yattoll, Qro* 
tius, Fufllandorfl; Laurent, Ompteda, Kampts, PhilUmore, Fando, HefPter, Martens, W11d> 
man, and others, bat from the best authorities on military and naval warf^ audi as 
Jomini, Sehwartx, Merlin, DoHos, Lampredi, HantefeulUe, I)e Cussj, Biquelane, Ortolan, 
nstoye, Duvwdy, Ac, Ac. ; on Commercial law, as Ghltty, Buer, Manning, Buthsrforth, 
Masse, Leiber, ^bci, Ao. ; on diplomacy and history, as Home, Marcy, Gardner, Maddn- 
tosh, Hallam, Alison, Burlamaqul, dsc, dec TIm work is voy systematically and clearly laid 
vnt, and emlwaces every department of intemationid law. Such a book of reference as thisi 
ought to be in the hands «af every oommanding otteer by land and by sea, and it is not too 
lai^ and unwieldy to be easy of carriage. This edition Is well printed and stroxkgiy bound.** 
—PkiladelpMa Inquirer. 

**" The work will be found to be of great use to army and navy officers, to professional 
lawyers, and to all interested In the topics of whteh it treats— topics to which present 
events give a greatly enhanced importance— such as ** ]>eclaration of War and its Efieots ;** 
"Sieges and Blockades;"* " Yisitatiuu and Search r "Bight of Search ^ ** Prize GourU;** 
"JMilitary Oocnpation ;'' ''Treaties of Peace ^ ** Sovereignty of Stotea,'' Ac, and valaabl# 
ia^brmatlon for consuls and ambassadora.*'— J^ T. Burning PoA 
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OiEGE AND Reduction op Fort Pulaski, 
Georgia. 

Papers on Practical Engineering. No. 8. Official Report to the 
U. S. Engineer Department of the Siege and Reduction of Fort 
Pulaski, Ga., February, March, and April, 1862. By Brig.- 
General Q. A. Gillmore, U. S. A. Illustrated by Maps and 
Views. 1 vol., 8vo, cloth. $2 50. 

*** This ia an official hiatory of the aiege of Fort PnlaaU, from the commenoement, with all 
tile detaila in fall, made up from a dati j reeord, forming a moat yaloftble (taper for fhtore 
nferenoe. The altnation and eonatmotlim of the Fort, the poaition <^ the gnna both of the 
nbela and the Fed«rala, and their operation, are made plain bjr mapa and ei^;raTed Tiewa 
€f differeDt aeotlona. Additional reporta fh»m other oflieera are ftimiahed in the appendix, 
and every thing haa JMan done to render the work ftiU and raliabla.^— JBmAm /nmiaJL 



T^ICTIONARY OF ALL OFFICERS IN THE UnITED 

States Army, 

From 1789 to January ist, 1853, and of the Navy and Marine Corps, 
Second edition, with a Supplement, bringing it down to January 
I, i860. By Col. Chas. K. Gardner. 1 vol, i2mo, cloth. 
$3. 



U 



NioN Foundations. 



A Study of American Nationality, as a Fact of Science. By Capt. 
E. B. Hunt, Corps of Engineers, U. S. A. 1 vol., 8vo. 30 
cents. 



'T^EXAS, AND ITS LaTE MILITARY OCCUPA- 
TION AND Evacuation. 

"By Capt. Edwin D. Phillips, 1st In&ntry, U. S. A. 8vo, pipei 
25 cents. 



M 



oRDECAi's Report. 



"Military Commission to Europe in 1855 and 1856. Report of Major 
Alfred Mordecai, U. S. Ordnance Department. 1 vol, folio. 
With Views and Maps, ti 5a 



D. VAN KOKnUMD's rmUCATIOIft. 



A Treatise on Ordnance and Naval 
Gunnery. 

Compiled and arranged as a Text-Book for the U. S. Naval Acade- 
my, by Lieutenant Edwaiu> Sucpson, U* S. N. Third edi- 
tion» revised and enlarged, l voL* Svo, platei and cuts, half 
morocco. $5.00. 



**A0tk««impi]arb«i«hir|*orflMl]MlnMllMiiBHftTiaOaBBflryaft flM Kvml A«d- 
ciBj, hit work. In lk« <oapil>Mon of ifkkik Im hM cfl—iltod ftkif* MUBtar of •mbMnt 
rathorltiM, i» piotMblj well mited Har tlw poip— e dflgned by it—nunelj, the dreulAtlon 
of InforxBAtloik whioh maiij oflUwn, owing to eonftant Mrrlce tJkmt, may not hsre been 
able to oolleei In dmple and plain langnage it gtrea inatrnetion aa to cannon, gan<«ar- 
rlagea, gnnpowder, projeetilea, Aisea, locka, and primera ; the theory of pointing gona, riHea, 
the praettoe of gnnnery^and a great yarlety of oth«riiinUar mattara, Intanating to fight- 
ing men on aea and land."— FoaMn^M Daii^ Olobe, 

"A raat amonnt of information la oonvejed in a readable and ioniUar Hmn. T1io111«rtm- 
ti<ma are exoellent, and many of them nniqne, being eoloced or brensed ao aa to repeasait 
Tariona military armi| Ac, with more than photographio Ht&nimHB.^-^WiuMngkM Star, 

** It la aeareely neeeaaary Ibr na to aay, that a work prepared by a writer ao practl«ally 
aenTenant with all the anbjeota of which he treata) and who haa anch a repntaticHi for 
aelentlflo abill^, eannot Ml to take at cmee a hl|^ pbee among the text*booka of our nayal 
aenrioe. It haa been t^proved by the Beeretaiy of the ISTaTy, and will henoeforth be <«e of 
the atandard anUioritlea on all mattera conneoted with Haval Ottnnery.^—iirew York 
BtnOd, 
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uce's Seamanship: 



Compiled from various authorities, and Illustrated with numerous 

Original and Selected Designs. For the use of the United States 

Naval Academy. 67 S. B. Luce, Laeut.-Commander U. S. N. 

In two parts. Second ' Edition. One royal octavo volume, 

. clothf $10.€X> 
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E 



LEMENTARY INSTRUCTION IN NaVAL ORD^ 
NANCE AND GuNNERY. 



By James H, Waud, Commander U. S. Navy, Author of " Naval 
Tactics^" and '^ Steam for the Million." New Edition, revised 
and enlarged. 8vo, cloth. $2. 

** It emiTeyB an amoiint of inlbniialloii in the Mine tpnoe to be Ibnnd nowbere elee, and 
fiyen with « deerneM whieh renders It naeftil as well to the general aa the pcofeaalonal 
Inqaker."— il^ F. XiowUhQ FotL 



N 



AUTiCAL Routine and Stowage, 



With Short Rules in Navigation. By John McLeod Murphy and 
Wm. N. Jeffeks, Jr., U. S. N. 1 vol., 8vo, blue dotk 

$2 50, 



T 



OTTEN'S Naval Text-Book. 



Naval Text-Book and Dictionary, compiled for the use of the Mid- 
shipmen of the U. S. Navy. By Commander B. J. Totten, 
U. S. N. Second and revised edition. 1 vol., i2mo. $2 50. 

** This work is prepared for the Midshipmen of the United States Kayy. It is a eomplete 
tnaniial <tt instmctf ons aa to the duties whieh pertain to fheir office, and appears to have 
been prepared with great care, avoiding errors and inaeonrades which had crept into a 
former edition of the work, and emtwadng valuable additional matter. It is a book which 
should be in the hands of everj midshipman, and oi&oers of high rank in the navy would 
often find it a oseM eompa&ioa.**««it0a<0i» Journal, 
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UNNERY Instructions. 



Simplified for the Volunteer Officers of the U. S. Navy, with hints 
to Executive and other Officers. By Lieut. Edward Barrett, 
U. S. N., Instructor of Gunnery, Navy Yard, Brooklyn. 1 
vol., i2mo, cloth. $1 25. 

** It is a thorough work, treating plainly on its subject, and contains also some valuable 
hints to executive officers. No officer la the volunteer navy should be without a copy.**— 
Soitan JBbtming TramiXUr* 
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ISTORY OF THE UNITED STATES NaVAL 

Academy. » I 

With Biognphical Sketches, and the names of all the Superintend- 
ents, Professon and Graduates ; to which is added a Record of 
some of the earliest rotes by Congress, of Thanks, Medals and 
Swords to Naval Officers. By Edwailo Chavncby Marshall, 
A. M. 1 vol, i2mo, cloth, plates. $i. 

** Stwj lUTsl man will find it not only % pleMant oompanlon, bat »a invmliiable book of 
Nlnwiioe. It U Mldom that to maoh Infonnatton is made Moeuible in so agreeable 
a naniMr in so niiall a •paea.'*— J^^ Yotk 71mm. 
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ANUAL OF Internal Rules and Reg- 
ulations FOR Men-.of-War. 



By Commodore U. P. Lbvy,U. S. N., late Flag Officer commanding 
U. S. Naval Force in the Mediterranean, &c. Flexible blue 
cloth. Third edition, revised and enlarged. 50 cents. 

* Among the proftaalonal pttbUoatioBS Ibr which wa ara indabted to the war, we wIRiig- 
Ij give a prominent place to this nseftal little Manual of Bales and Begulations to be 
obaenred on board of ships of WBI^ Its authorship is a soffieient goarantee for its aocoraey 
and praetieal Taloe; and aa a guide to yoang oflicers in proTldJng for the diadplinei 
police, and sanitarj goTemment of the vessels under their command, we know of nothing 
superior.'*— Jl^ T. JferaUL 



N 



AVAL Light Artillery. 



Instructions for Naval light Artillery, afloat and ashore, prepared 
and arranged for the U. S. Naval Academy, by Lieutenant W. 
H. PxaKER, U. S. N. Second edition, revised by Lieut. S. B. 
Luce, U. S. N., Assistant Inftructor of Gunnery and Tactics at 
the United Sutes Naval Academy. 1 vol., 8vo, doth, vnth »« 
plates. $2.oa 

** The service for irtdeh this is the text-book of instruction is «f spedal importance in 
the present war. The use of light boat-pieces is constant and important, and 7oaii|; offi- 
cers are frequentlj obDged to leave their boats, tske their pieces aslu>re,and manouTre 
them as ileldartiUei); Sot unftequentlf , also, they are inewpoimted, when ashore, wift 
troops, and must handle their guns like the artiUeiy sridiera of a battery. * The Exercise 
of the Howltier Afloat* was prq;>ared and arranged bf Captain Dahlgren, whose name 
gives additional sanction and valae to the book. A manual fbr the Bword and Pistol is 
also given. The plates are numerous and exceedingly dear, and the whole typofm 
miMlkaiV'-PhUadMjpkia Inquirer, 
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olley's Railway Pracfice. 



American and European Railway Practice, in the Economical Gener- 
ation of Steam, including the materials and construction of Coal- 
burning Boilers, Combustion, the Variable Blast, Vaporization, 
Circulation, Superheating, Supplying and Heating Feed-water, 
&c., and the adapution of Wood and Coke-burning Engines to 
Coal-burning; and in Permanent Way, including Road-bed, 
Sleepers, Rails, Joint Fastenings, Street Railways, &c., &c. By 
Alexander L. Holley, B, P, With TJ lithographed plates. 
1 vol., folio, cloth, tia 

*^Thto Ib aa elaborate treatise by one of our ablest olyil engineers, on the construction 
and nse of locomotiTes, with a few chapters on the building of Bailroads * * * AU these 
subjects are treated by the Author who isls first daas railroad engineer, in both an intelli- 
gent and intelligible manner. The &cts and ideas are well arranged, and presented in a 
dear and simple style, accompanied by beantiAil engraylnga, and we presume the woric 
will be regarded as indispensable by all who are interested in a knowledge <tf the oonstmction 
of railroads, and roUlng stock, or the working (tf locomotiyeSk^—iSsienM/fc Amwican^ 
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UROPEAN Ordnance and Iron^Clad De- 



fences, 

With some account of the American Practice, embracing the Fabrica- 
tion and Test of Heavy Guns ; Projectiles and Rifling ; the 
Manu&cture and Test of Armor, from official data, with a detail- 
ed account of English experiment ; the principles, structure, and 
classification of Iron-Clad Vessels ; Marine Steam Machinery, 
&c. By Alex. L. Holley, B, P., Author of ** American and 
European Railway Practice," &c. i vol., 8vo, cloth. With 
350 Ulustn^ions. In press. 



T 



HE Principles of Strategy and Grand 
Tactics. 



Translated from the French of General G. H. Dufour, By Wiluam 
P. CuAioHiLL, Capt. of Engineers U. S. Army, and Assistant 
Professor of Eng^eering, U. S. Military Academy, West Point. 
From the last French Edition. Illustrated. In one volume, 
i2mo. 1 2. 50. 
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T ESSONS AND PRACTICAL NoTES ON STEA^I, 

The Steam-Engine, Propellen, &c.. Sec, for Young Marine Engi- 
neerty Students, and others. By the late W. R. King, U. S. N. 
Revised by Chief-Engineer J. W. King, U. S. Navy, Fourth 
edition, enlarged. 8vo, doth. $2 oo. 

•* TUi is flM MOOBd •dition of ft Talubla work of the late W. B. Kmo^ U. 8. N. It oon- 
Mm koBont aad pncticol notes on Steam and the Bteam-Sngine, PK>peUen» A& It ia 
ealeolated to be of great use to jronng marine englneerat atadenta, and others. The text ia 
iltoatnited and explained bj nomeroos dlagrsms and lepr o se n ts tt ons of maehiner/. Thla 
■ew editioa haa been MTlaed and enlarged bj Chief Engineer J. W. Enro, U. 8. N^ 
brother to the deoeased author of the wotkJ^-^BiMkm IMlf ^dPs rH aar. 

**Thia is one of the best, beoanae emlnenttj- plain and praetieal, trsatlses on the 8tenm> 
Engine oyer pablished."*— PAtia<Mi»Ma iVesi. 

*Its lepnblifiation at thia time, when so manj yoong men are entering the serriee as 
naral engineers, la most opportnne. Xaeh of them onght to haTO a oopj,'^-~J^iiad«lphia 



OtEAM for THE MiLUON. 

A Popular Treatise on Steam and its Application to the Usefiil Arts, 
especially to Navigation. By J. H. Ward, Commander U. & 
Navy. New and revised edition. 1 vol, 8vo, cloth; $1. 

** A most exeellent work fixr the yonng engineer and general reader. Manj facts rela- 
ting to the management of the boiler and engine an set forth with a slmplieity of Ian' 
foage, snd perfection of detail, that brings the subject home to the reader. Mr. Ward is 
also peeoUarij happy In his illastrations."— ^merioom JBitgim$tt. 



OcREW Propulsion. 

Notes on Screw Propulsion, its Rise and History. By Capt. W. H. 
Walker, U. S. Navy. 1 vol., 8vo, cloth. 75 cents. 

** Some interesting notes on screw propolaion, its rise and progreas, h»ye Jnat been Issued 
by Commsnder W. H. Walku, IT. 8. If., from which all that is likely to be desired on 
Ifae subject may be readily acquired, e e e • ji^fter thoroughly demonstrating the 
efficiency of the screw, Mr. Walker proceeds to point out the yarious other points to be 
attended to in order to secure an effident man-of-war. and eulogises throu^lioat the leatf - 
ness of the British Admiralty to test every novelty cslenlated to give satlBfiictory results. 
• e e • Gonunsnder Wslker*s book contains an Immense amount of oondsepracttcsl 
data, and every item of information recorded ttiOj provea that the varioQ* points bearing 
upon it have been well considered previously to expressing an opinlon."-«-XA«u2ofiiaii^ 
JimmaL 

* Every engineer ahould hnve it In his library."— ^Imerierm JBnifins^, 



D. VAN KOSTRAND's FUBUCATIONS. 



TJractical Treatise on Limes, Hydrau- 
uc Cements, and Mortars. 

Papers on Practical Engineering, U. S. En^eer Department, No. 
9, containing Reports of numerous experiments conducted in 
New Yorjc City, daring the years 1858 to 1861 inclusive. By 

8. A. GiLLMORE, Brig. -General U. S. Volunteers, and Majot 
• S. Corps of Engineers. With numerous illustrations. One 
volume ocuvo* 83.50. 



'T^HE Contractors' Manual and Build- 
ERs' Price-Book. 

By A. B. Clough, Architect. 1 vol., i8mo. 50 cents. 



P 



RINCIPLES AND PRACTICE OF EmBANKING 

Lands from River Floods, 



As applied to the Levees of the Mississippi. By William Hewson, 
Civil Engineer. 1 vol., 8vo, cloth. $2.00. 
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OODBURY ON THE ArCH* 



Treatise on the various Elements of Subility in the well-proportioned 
Arch. With numerous Tables of the Ultimate and Actual 
Thrust. By Captain D. P. Woodbury, U. S. Corps of Engi- 
neers. 1 vol., 8vo. Engravings. Cloth, (2.50. 
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gUADRON Tactics Under Steam. 



Bv FoxHALL A. Parker, Commander U. S. Navy. Published by 
authority of the Navy Department. 1 voL, 8vo., with numer- 
ous Plates. $5.00. 



D* VAN MOITftAlCD't HnUCATBOMS. 



M 



OD£LS OF Fortifications. 



VAUBAN'S FIRST SYSTEM. One Front and two Bastions— 
Scale, 20 Yards to an Inch. 

THE MODERN SYSTEM. One Front— Scale, 20 Yards to an 
Inch. 

FIELD-WORKS. The Square Redoubt— Scale, 5 Y-ards to an Ihch. 

The above models are moulded from those made by Mr. Kim BtK, of 
London, and are intended as illustrations of his works upon For- 
tifications. They are beautifiilly modelled in papier mach^, 
colored in oil, and mounted in strong covered cases. They are 
admirably adapted for teaching the first principles of fortification, 
and should be in every Collm, Military, and High School 

Mr. Kimbek's three volumes, viz., Vauban's First Svstem, the Modem 
System, and Field- Works, will accompany the models. 
Price for the set of three, with books, $6ow 
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IFLED Ordnance: 



A Practical Treatise on the Application of the Prindple of the Rifle 
to Guns and M^i't^urs of every calibre. To which is added, a 
new theory of the initial action and force of Fired Gunpowder. 
By Lynall Thomas, F. R. S. L. Fifth edition, revised. One 
volume, octavo, illustrated. $2.00. 
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ield Tactics for Infantry, 



Comprising the Battalion movements, and Brigade evoludons, useful 
y in the Field, on the March, and in the presence of the Enemy. 

The tabular form is used to distingiuBh the commands of the 

General, and the commands of the Colonel. By Brig.-^Gen. 

Wm. H. Morris, U. S. Vok, late 2d U. S. Infantry. i8mo. 

Illustrated. In Press. 



D. YAN VOmAND's PU1UCAT«W8. 
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GORE'S Treason of Lee. 



"Mr. Lee's Plan — March 29, 1777. The Treason of Charles 

* Lee, Major-General, Second in Command in the American Army 

of the Revolution. 67 Gbohgb H. Moorb^ Librarian of the 

New York Historical Society, i vol, 8vo, cloth. Two Steel 

Portraits, and Two Lithograph Fac-similes of Documents. $2. 

*'It is a Glear and most interesting development of one of the strangest eTMkts tn the 
history of the Bevolntion. It is as important as it is ourions, for the aots and motiyes of 
a man who held so high a rank in the army and in the public estimation should be known. 
They affect the character of others, and throw light on transactions which could not 
otherwise be explained." 

JASED SPABKB. 

** Tour paper was certainly the most instmctiTe one ever presented (within mj obser- 
Tatton) to any one of our Historical Bocieties. 

**The work does you great credit; It is ftiU of interest, of &cts collected from flu* and 
near. The story is well told, the criticism careftil and discriminating. I feel certain it 
will bring yon much reputation for its completeness and manner of execution. * * * 
Go on ; and you will win honor for yourself while you will assist to make American His- 
tory what it ought to be." 

OEOBOE BAKCBOFT. 

"" I hare read it with great Interest It is a curious, Talnable^ and conclusively argued 
contribution to our revolutionary history." 

GULIAN a VKBPLANCK. 

** I am grsaily indebted to you for a copy of your beautlftil monograph. * * * I re- 
joice that you have found the means (and made such good use of them) of putting hi& 
worthlessuess beyond all question." 

EDWABB EYEBETT. 

** Tou have done a good service to history. I ran it through with the greatest interest^ 

BOBEBT C. WINTHBOP. 

** Many thanks for Lee*s Treason. • e « « Moore has made out the case against 
Ufm." 

W. F. DE SAtXSSUBE, (of B. 0.) 

*The Treason of Lee is placed beyond doubt, and the original documents establliriiing 
It are published in the recent highly valuable monograp>h of G. H. Moore, Esq., on that 
snbf^ol,— i^«r«M> L(f'i qf Washington. 



D. VAir irovniAND's fubucations. 



** W« eomaMBd Ifr. Moof«*8 wotk m Um moat Taluble oontrilmtion to <mr ReTolatloii- 
tarj bistofy that bM ftppesred fsr nuuij a dsj, aod Manre our rmd e w thst the penuMl of 
its elegant and eloquent pages eannot bat repaj the few boors tbat It will require/* — Hi^- 
toricai MaffoHm*. 



** We eommeiid tbis essay to tbe attention of bktoilcal students, admiring tbe aim* 
plidtj and Inddltj of its stjle.''— A^prsss. 

* A work wbicb we bare read with great pleasure, • e * e well worthy the at- 
tpntion of our readers, and we take great pleasora in reeommendi&g it to tbem.**— JSoe^lem 
PotL 



*'This beantiAillj printed yolmne is an important oootrlbntlon to the history of the 
of tbe Berolntlon. It estobUshes beyond a question tbe t ro sson of one d tbe moat dis- 
tlngnished generals of that war, who was seeond in eommand to Washington.^— JVovi- 
dmia^ JawnttL 

**■ The researches of Mr. Mooie leileet great credit on his Industry and penetration aa » 
historical student, and we unite with those bettor cqMble of judging than ooreelTeSi^ tiiat 
be baa bron^t to li^ Important Ibota, which tend more to dear up ebaeure pointo Inonr 
re^olutiottary blatory than any thing tbat baa amMared since the evento alluded to took 
plaee.*— tAnwidanea JoumaL 

* Tbe Totume abounda with eurioua details, and will be read with great interest by the 
atudent of American hiBtory."*— JT. T. THbune, 

**''So student of American hiatory can aflSord to be without thia book.^— JSL I. Se^/ooi- 
tnaaier, 

** We recommend this ralnable contribution to tbe history of the American Beyolutitm 
to tbe attentton of our readers. • e e • Apart i^om ita Tslue aa an authentic and 
original account of an important eirfaode in the American Beyolutlon, it shows In strong 
and instructlYe contrast the pictnraa ct the inikmoua traitor and true patriot, * ^ * 
Chariea Lee, * * ^ and George Washington. These pictures sre good eyen to study 
at tbe preaant time."*— CVwHer and EitqwkrBr, 

** One of tbe most yaluable contributlona to our Seyolutionaiy hiatory that baa eyer been 
pnblidxed. * * * Mr. Moore^a careftilness and completeness of researdi are fine quatt- 
tiea of tbe biatoriaa, bn^pily exhibited in thia yolume."--<7ViaMaA IiUdUgmow. 

** Anotilier of those startling and unique works that occasionally blaze out upon the sea 
of literature, amaxisg eyary one with its strange deyelopments. Tbe author fixes black 
and damning treason upon General Lee, by indubitable testimony, as strongly and clearly 
as eyer it waa attached to Benedict Arnold.**— CA<Mfto«(fKa Democrat 

^ Sound judgment, thorough research, joat appreciation of character, aa acute perception 
of the logical connection of eyente chronologically di^oined, and a ready command of 
clear, predae, and appropriate language, haye enabled Mr. Moore to make a volume, which, 
token In all ite bearings, may unheaitotingly be pronounced the moat important mono* 
graph ever contributed to the hiatory of the War of Independence.**— ^Teto York Tim». 

** Crammed with tbe yaluable reaulto of original iuyeatlgationa. Many of the doen- 
mento neyer publiabed and throwing a new and unexpected light on a Tery intereftiBg 
epiaode of tbe Beyolutlon.**— iElpifUfH^ Pott 
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